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Presented are nine working papers prepared for the 

National Science Foundation as one means of assisting the Office of 
Science and Technology Policy in preparing the administration's 
"Annual Science and Technology Report to the Congress^ 1982 . " The 

papers explore aspects of three broad themes central to the 

administration's science and technology (ST) policies and strategies 
for their implementatibh: (1) bptimizihg use of limited resources for 
research and development (R&D)_sb that ST can be used more 
effectively to achieve national goals; (2) developing a set of 
eguitabli_and consistent guidelines > within the admiriistratibh ' s 
overall ST policyi_f or dealing with the gerieratibn, brganizat ibh , and 
dissemination of ST information; and_(3j ericburagiiig implementatibh , 
by the private sector, of new technologies that can increase the 
productivity and international competitiveness of U.S. industry. 
Papers (each preceded by an abstract) focus on : international 

cooperation in science—U.S. role in megaprogects; trends in 

collective industrial research; impact of increased defense RSD 
expenditures on the U^S. research system training and utilization of 
engineering technicians and technologists; national security controls 
and scientific information; issues in ST information policy ; legal 
and regulatory implications of t 

revolution; trends in computers and communications----off ices of the 
itxture; and fostering use of advanced manufacturing technology. 
(JN) 
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In enacting the National Science arid Tech- 
nology Policy, Organization, and Priorities 
Act of 1976 (Pabli^c Law 94-2^^ the Cdri- 
gress specified^[na declaration of principle, 
that the development and implementation 
of strategies for determining and achieving 
the appropriate scope, level, and direction 
of U.S. scientific and technological efforts 
should involve a wide range of participants 
from both the public and the private sectors. 

In keeping with that commitment, and as 
one means of fulfilling the National Science 
Fburidatibri*s respbnsibijity to provide pri- 
rriary assistance to the President's Science 
Advisor in the preparation of the Annual 
Science and Techhb/bgy Report to the_ 
Congress: 1982. NSF convened a series bf 
ad hoc panels of experts from Gbverrimerit, 
industry, and acadeniia during 1982. Those 
panels explored the policy implicatibris bf a 
number of current and emerging issues in 
science and technology that were selected 
by the staff of the National Science Foun- 
dation m consultation with advisors from 
both inside and outside of Government. 



The panels' deliberatibris are surrimarized 
in the nine wbrkirig papers iri this com- 
pendium. As anticipated, they were_usefu| 
to the staff of the NSF Office of Special 
Projects iri assistirig the Office of Science 
and Techridldgy Policy with the preparatibri 
of the President's Annual Science and Tech- 
nologp Report to the Congress: 1982. Since 
the papers also delineate an important set 
of poHcy issues on the national agenda, NSF 
is Publishing them separately to stimulate 
public discussion about the roles science 
and technojo^can play ]n contemporary 
American society; Although all of the papers 
were reviewed for technical accuracy, the 
views and perspectives they express do not 
necessarily reflect official policy positions of 
the ULS. Government or the National Sci- 
ence Foundation. 



Edward A. Knapp 
pirectbr _ 
National Science Foundation 
October 1983 
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Introduction 



The riirie vvbrkirig papers in this compen- 
dium, like the set published In 1982,^ were 
prepared for the National Science Founda- 
tion as brie means of assistihg_the White 
House Office of Scierice arid Techriolbgy 
Policy with the preparatibri bf the President's 
AnnUol Science and Techhoto^ Report to 
the Congress. They e>q3lore paiticular aspects 
of three broad theriies ceritral to the 
Administration's scierice arid techriolbgy 
policies and the strategies for their iriiple- 
mentation, as described iri the rildst recerit 
/Annua/ Report^ These themes are: 

• Optimizing the use of limited resou -ces 
for research and development (R&D) 
so tiiat^science and technology can be 
used more effectively to achieve na- 
tional goals; 

• Developing a set of equitable and con- 
sistent guidelines, within the Adrninis- 
tration*s overall science and technology 
policy, for dealing with the generation, 
brganization, and dissemination of 
scientific and technical information; and 

• Encburaging implementation, by the 
private sectbr, bf new technolbgies that 
can increase the prbductivity and inter- 
natibrial cbrripetitiveriess bf U.S. 
iridustry. 

The cbriijDeridiurri jDapers do ribt airri tb 
provide detailed arialyses bf all relevarit issues. 
Indeed, since the policy context fbr rilbst bf 
these issues is in a state bf considerable flux, 
attempts at such analyses run the risk of 
becoming rapidly dated. Nor do the papers 
weigh advantages and disadvantages, of all 
possible policy options. F?ather, each is in- 
tended to identify and discuss significant 
national issues in science and technology 
that are either cunrent^ on the policy agenda 
or likely to emerge in the near future: 

Optimizing the Use of R&D 
Resources 

The first two papers iri the cbrriperidiurri— 
JnternQtiond Cooperotion in Science: The 
U S. Rote in Megoprojects arid Trends in Cot- 
iective Industrial f?esedrc/i— explbre the 



policy aspects of two ^es of cooperative 
institutional arrangements intended to in- 
crease the effectiveness of the resources 
available for the conduct of R&D: The third 
paper— -T/ie Impact of Increases in Defense 
R&D Expenditures on the U.S. Research 
System — examines some probable effects 
bn research priorities, particularly in univer- 
sities, bf the Administratibn's commitment 
tb strerigthen the Nation's_defense capabili- 
ties. The fourth paper— Tra/n/r.g and UtiU- 
zatioh of Ehgineering Technicighs and 
Technoiogists^ralses questibns about the 
adequaq/, iri both quantitative and (qualitative 
terms, of the wbrkfbrce recjuired tb suppbrt 
the activities bf pfbfessibrial scieritists and 
engineers. 

Intemational Cooperation iii Science: 
the U.S. Role in Megaprdjects 

The cbntext within which international 
cobperative scientific activities takes place 
is corisiderably differerit from what it was 
20 years ago. Duririg that era, the resources 
fbf cbriductirig scieritific research iri the 
Uriited States— particularly basic research— 
were relatively ijricbristrairied, arid the Uriited 
States enjbyed preemirierice iri virtually all 
scientific fields. In the preserit ertvirbrirrierit, 
where the scientific capabilities arid achieve- 
ments of several other countries are rbughly 
comparable to our own, pursuing research 
projects within an international division bf 
labor frarnework lias an obvious appeal. 
This is particularly truejor so-called "mega- 
projects;" that is, projects requiring ejdensive 
staffs, complex managerial arrangements, 
and large budgets. 

The Reagan Administration has placed a 
high priority on international cooperative 
projects that can augment limited U:S: 
resources and yield benefits to U.S. science. 
So, for similar reasons, have the governments 
bf several ptheL industrialized countries. At 
Versailles Ecbriornic Summit in June 
1982, a Wbrkirig Group was established tb 
cbrisider cbrrirribn opportunities, prbblems, 
arid challeriges assbciated with science and 
techriblbgy. A draft repbrt, released in March 
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and considered at the Williamsburg Ecdnomic 
Surnrnit iri May, includes proposals for 18 
cooperative science arid techriology projects, 
many of which qualify as megaprojects. 

The paper on international cooperation 
iri scierice reviews some of the potential 
benefits, both direct and indirect, that can 
be derived from successful international 
cooperative projects: The most obvious of 
these benefits is improved economic effi- 
ciency. However, financial advantages are 
often supplemented by the promise of 
enhanced access to intellectual resources 
and unique facilities that are only available 
abroad, and possibly by Important gains iri 
the innovative process itself. 

In an international setting, individual 
governments almost always have rriultiple 
policy goals and objectives for interriatibrial 
cooperative projects. These can lead to 
difficulties that need to be weighed agairist 
the potential benefits to be derived frorti 
cbllabpratibri. Iri additibri, couritries ofteri 
have differing ratibriales for, arid rarikings 
bf, gbals arid bbjectives for scieritific coop- 
eratibn. Fbr that reasbri, a couritry's overal] 
pblitical culture may be a more important 
deterrriiriarit bf its scierice policy— and there- 
fbre the ways in which it wil| enter into a 
cdbperative venture — than any objective 
scieritific benefits that may derive from 
cooperation. 

The paper argues that the most difficult 
issue confronting efiective U:S: participation in 
megaprojects is in identifying specific future 
opportuniticG for effective cooperation. To 
make appropriate decisions about such 
opportunities, information must be available 
regarding the scientific capabilities bf couritries 
with which the United States could cbn- 
ceivably cooperate, and the pribriiies that 
are likely to be attached tb the develbprrierit 
and deployment of those capabilities by the 
respective nations, Urifbrturiately, such a 
systematic kribwledge base dbes riot exist. 

Trends in Collective Industrial 
Research 

One of the key strategies adopted by the 
Reagari Adrriiriistratibri tb implement its 
scierice arid techriology poliq/ is to encourage 
arid facilitate cooperative R&D activities 
arinbrig differerit types of institutions in the 

viii 



United States: Interest in^ ^?Y^J?p1"S coop- 
etBtive modes has been heightened because 
of both the rising costs of R&D and the 
desirabili^ of improving the links between 
institutions with vested interests in different 
portions of the R&D spectrum, ranging from 
basic research to commercialization. 

University-industrv research cbllaboratibn 
has been the most highly publlcized of these 
cooperative rnbdes. Additibnally, there 
appears to be a trend toward new cooperative 
arrangements among industrial firrris, sbrne 
of which also involve support for uriiversity 
research and educatibri. 

There have been riijrrierbus exarriples iri 
the past bf twb or rribre companies iri a 
particular industry establishing a relationship 
to erigage iri techriical activities with no formal 
cbrrirriitrrierit tb joint commercial exploitation: 
Such jbirit veritures have often been estab- 
lished through trade associations. Within th^ 
jDast decade, arid particularly the past 4 years, 
cooperative iridustrial structures have been 
established that differ from these older 
arrangements in at least three respects: 

• First, their i?vels of funding are con- 
siderajjly jargerj 

• Second, several include cooperation 
with and/or assistance to universities 
arnong their objectives; and 

• Third, they are based on industrywide 
concerns about decreasirig market 
shares and increasing fbreigri corri- 

_ petition. 

The paper bn iridustrial research cbbp- 
eration examines the bperatibrial charac- 
teristics bf several collective iridustrial research 
arrangerrierits, fbcusirig particularly Ori four 
of the newer assck:iatibris---twb in the energy 
sectbr, arid brie each in the chemical and 
serriicbridijctbr iridustries. The underlying 
objective bf all four groups is to accelerate 
the pace bf technical change either through 
iricreasirig the number of technically trained 
people available to the industry or by con- 
ducting research in targeted areas, or both. 
However, the origins and goals of each group 
also reflect industry-specific characteristics 
such as competitive structure, degree of 
regulation, capital requirements, manpower 
needs, and relevant antitrust restrictions. 

The paper considers the longer range 
irnplications of large-scale industrial cbbp- 
er^tive research for industry, universit^s, a'^d 
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Government. It concludes that although the 
funds available for coilective research amoiig 
firms within an industry are likely to remain 
small relative to the total expended for R&D 
the industry, the focused character of 
the available cql[ective resources couW have a 
significant impact on industrial — and uni- 
versity — research directions: 

Possible Government actions to encourage 
the growth of collective industrial support 
include: (a) offering indirect financial incen- 
tives to industrial firrns for collective support to 
universiti^, and (b) providing focused support 
to universities to strengthen their capabiliti^ 
for cooperation in areas. of interest to col- 
lective industrial groups. These actions would 
be broadly cprisistent with- the Reagan Ad- 
riiiriistratibri's policy of providing indirect 
iriceritives rather thari direct subsidies for 
industrial R&D, while cbriceritratirig Federal 
resources dri strengthening the capability of 
Universities to conduct furidarriental research 
in areas of importance to the Nation. 

The Impact of Increases ih_ Defense 
R&D Expenditures oh the U.S. 
Research System 

The third paper in the compendium ejqDbres 
the potential impacts on the U.S. research 
sv^tem, particularly on univereities, of the 
accelerated growth of the defense R&D 
sector relative to theavilian sectoj. Depart- 
ment of Defense (DOD) support of university 
basic research during the 1950s and 1960s 
provided the fouridatibri for much of the 
growth arid developrrierit.iri the university 
research systerri. This support also laid the 
groundwork for such iriipbrtarit techriblcgcal 
inridvatidris as computers arid lasers. This 
paper concludes that, dverall, the present 
defense buildup is likely td have a far less 
significant effect than in the past dn University 
research. The Department of beferise*s 
budget for research, development, test and 
evaluation (RDT&E) w»n increase by an 
estimated 78 percent between fiscal years 
1981 and i9M, whil^ other Federal RSdD 
expend]tures_wili decrease by an estimated 
12 percent: However, whereas the growth 
in the basic research component of the 
defense Budget is relatively small, the basic 
research components of the other principal 
agencies that support universities have been 



relatively well insulated agairist the gerieral 
decrease in civilian R&D budgets. There 
could» however, be substantial impacts dri 
specific scientific discipliries df particular 
interest to DOD as shifts in research priorities 
result in changing support allocations. 

The paper argues that DOD's increased 
^'^RP^]^ ^^^.S^.^'^^?^ students in particular 
fields of science and engmeering— through 
both fellowships and research assistant- 
ships — could have a sabstantiaj effect on 
the entire U.S. R&D system, including the 
university and industrial sectors. This aug- 
mented support is intended, in. part, to help 
resolve the problem the armed servic^ have 
been experiencing recently in recruiting and 
retaining erigineers as well as scientists_in 
several critical subspecialties. Desp^e DOD's 
student support programs, the pool of highly 
qualified scientific and technical personnel 
iri critical fields is urilikely to be sufficient to 
meet the deniarids of both the deferise and 
the ridrideferise sectors duririg the next few 
years. Fdf that reasdri, there rriay well be a 
continuing and increasing cdrripetitidrt for 
scientific, and particularly, engineering talent, 
in view of the current defense buildup, this 
competition could have a deleterious effect 
on both universities and nondefense indus- 
tries, and thus on the overall science and 
technology base required to maintain long- 
term bJ:S: national security. 



training and Utilization of Ensineeririg 
technicians and Tecluiologists 

Concerns about both the quantitative and 
the qualitative adequacy of scientists and 
erigirieers in the deferise and civilian sectors 
have beeri wdespread for a number of years. 
Factors that threaten td underrnine the quality 
df U.S. erigirieering edUcatidri have also beeri 
examined in detail. Likewise, deficiencies iri 
secondary education have beeri widely ad- 
vertised and considered at length in several 
recent reports, most notably thdse df the 
National Commissidn dn Excellence in 
Education and the National Science Board's 
Conrimjssion on Precollege Education in 
Mathematics, Science, and Technology. 
However, the quantitative and qualitative 
adequacy of the technicians and technologists 
required to support scientific and engineering 
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activities has received little comparable 
natidnai attention. 

A primary objective of this paper is to 
place questions regarding the training and 
utilization of these support personnel within 
the broader cqntextaal L^sue 9? assuring tiiat 
the overall scientific and technical workforce 
is adequate to meet both present and long- 
term national goals: Three potential^ serious 
problems associated vA/ith technician training 
and utilization are identified. First, there is a 
considerable mismatch between the types 
of training and skills that have been acquired 
by the existing technical workforce and the 
skills demanded by industry. In particular, 
many technicians, as well as engineers, 
appear to be underutilized. Second, there 
are serious pressures on techriiciari training 
iristitutibriSj including corn rri unity colleges 
arid proprietary schools, that are broadly 
sirriilar to those currently plaguing erigirieeririg 
schools. These pressures include chronic 
faculty vacancies and lack of state-of-the-art 
instructional apparatus. They threaten to 
erode the quality of the educational offerings 
of the institutions. Third, reliable information 
about the supply and demand for technicians 
and technologists is inadequate: These 
inadequacies are exacerbated by the fact 
that the job skills required for technicians in 
particular industries are often poorly defined. 
Thus, it is difficult to place questions about 
technician training and utilization within the 
context of national scientific and engineering 
manpower goals. 

The paper suggests that industry has a 
central role to play in clarifying training and 
utilization opportunities for engineering 
technicians and technologists. However, riew 
cooperative initiatives invblvirig iridustry, 
educatibri^ ybverrirrierit at all levels, arid 
prbfessibnal assbciatibris apjDear to be essen- 
tial if the riatiorial need for an adequate 
techriical workforce is tb be met. 



Scientific and Technital 
i iiifortnation Policies 

The major problems explored in the next 
two papers in the compendium — Notionol 
Security Controls and Scientific In formaUon 
and issues in Scientific and TechnicoJ Infor- 

X 



mdbori Poftc^^— hav^^ emeiged as" compelling 
pdiicy issues because of their relationship 
to two of this Administration's major goals 
for science and technology: (aj relying on 
advanced technologies to strengthen the 
Nation's defense capabilities; and (bj delin- 
eating more clearly the appropriate roles 
and responsibilities of the public and private 
sectors with respect to science and technology 
activities: Issues associated with scientific and 
technical information are unusually complex 
from both a technical and a policy perspec- 
tive because they pervade a variety of policy 
spheres often far removed from science and 
technology. 

National Security Cbhtrbis and 
Sciehtiflc Infoiihatioh 

One of the byproducts of the Administra- 
tion's overall policy of enhancing the Nation's 
defense posture has been a well-publicized 
debate focused on the Government's ap- 
parent willingness to resSict the dissemination 
of scientific information to foreign nationals 
and to limit their participation in R&D 
activities in an attempt to stem the outflow 
of U.S. military technology and sensitive 
information. Concerns and uncertainties 
about policy in this area have become a 
potential source of tension Lhat could 
undercut the efforts made by the Departrrierit 
of Defense duririg the past few years tb 
reestablish closer ties with the uriiversity 
research cbrrirriuriity. 

The issues posed by the Adrriinistratibri's 
gerieral policy of increasing control over the 
disserriiriatibri of scientific arid techriical 
information involve a fundamental value 
conflict between basic national security 
concerns and the need to preserve academic 
freedom. This paper argues that the resolu- 
tion of these issues requires a clearer under- 
standing of whether the various cojifrob now 
in use, or under consideration, will be sffective 
in preventing a loss in this Nation's tech- 
nological lead over the Soviet Union, and 
whether those controls can be implemented 
without imposing unacceptable economic, 
administrative, scientific, or political costs to 
the American scientific enterprise. 

The debate over the control of scientific 
information Has both substantive and pro- 
cedural dimensions. The Government 
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acknowledges that whereas the Soviet Uhibri 
has acquired a great deal of advanced 
Arriericari techriolbgy by both open and 
covert channels, very little has come through 
such normal modes of scientific cbrrirtiuni- 
cations as University graduate courses, lab- 
oratory visits, conferences, and publications. 
However, the Government is concerned 
that in the future the Soviets will more con- 
sciously exploit the openness of the U.S. 
system of research and graduate education 
to gain access to advanced defense-related 
technology: 

The university community, while con- 
ceding that the application of existing con- 
trols has as yet created few real problems 
for research or education, is concerned that 
the vaguely defined, open-ended character 
of that ^tem could cause problems in the 
future. The. terms of the Export Adminis- 
tration Act, for example, could beJnterpreted 
as restricting disseminatlbri of scientific 
information directly applicable not only to 
rriilitary techriblbgies, but ajsb tb so-called 
dUal-Use techriblbgies. More seriously, 
there is concern that riibre stririgerit restric- 
tions cdUld be applied tb the dissemiriatibri 
of a rilUch broader class bf scieritific irifbr- 
mation in an attempt tb lirriit the bUtfldw bf 
technologies tb U.S. economic as well as 
military competitors. 

The paper reviews some of the funda- 
mental Issues that need to be addressed to 
clarify the terms of the current debate and 
move toward a resolution: These issues 
include defining "national security,'' the 
geographical scope of controls, what tech- 
nologies are to be controlled, and what types 
of scientific information and scientific activity 
underlying, those technologies are to be 
cbntroJIed. Procedural qu^ons dealing with 
what forrns controls should take and how 
they are to be adapted, enforced, and 
rhbdified also need to be addressed. Regard- 
ing this latter set of questibns, the paper 
concludes that broadly drafted rules bf 
gerieral aiDplicability are likely tb generate 
rribre serious frictibris between the Gbverri- 
rinerit arid the research cbrrirriuriity thari those V 
that can be defined bri a case-by-case basis 
arid tailored to a particular settirig br a 
particular techriblbgy. If broader rules are 
used, the burden for making decisibris 
about their applicability falls heavily bri the 



research cbmrriuriity; with narrower restric- 
tibris, those decisibris are either in the hands 
bf the Gbverrirrierit arid/br are negotiable 
iri advarice. 

The paper ar^es, firially, that ari erihariced 
dialogue betweeri the Gbverrirrierit arid the 
scieritlfic cbrilrinUriity arid ari iricreased reli- 
ance bri contractual restrictibris iri federally 
sponsored research offer the greatest prbrtlise 
for balancing the conflict betweeri mairitairiirig 
national security and preserviiig maximum 
scientific openness. 

Issues in Scientific and Technical 
Ihfbrniatibh Policy 

The control of scientific information for 
national security purposes is only the most 
visible of a host of complex issues on the 
national agenda that are associated with 
scientific and technical information policy. 
This paper suggests that policymaking con- 
cerning scientific and technical information 
canribt be cbnsidered in isolation. First, since 
the gerieratibri arid dlsseminatibn of scientific 
arid technical iriformatibn is clearly an integral 
part of R&D policy^ decjsipns jn_ this area 
shbUld be clbsely liriked with R&D pribrities 
arid riiariageriierit. Secbrid, scieritific arid 
technical irifbritiatibri pblicy is but brie aspect 
of the much larger dbrilairi bf irifbritiatibri 
policy and management. These linkages 
result in complexities in delineatirig and 
r^olving science and technology information 
policy issues: 

Two sets ^of issues are reviewed in the 
paper those having to do with access to 
scientific and technical information, and those 
associated with the economics bf that infor- 
mation. Both sets of issues have become 
increasingly urgent as a result of the rapid 
grbwth and convergence of computer and 
communications technologies. 

Access issues include the perennial prob-. 
lern bf hbw tb prbtect the cbnfidentiallty bf 
pe.sorial data gathered as a result bf research 
activities such as statistical surveys, psy- 
chological exarriiriatibris, and epiderriibrogical 
studies. A clbsely related issue has to do 
with, prbtectirig prbprietary rights tb cprri- 
rriercially valuable scieritific irifbrrriatibri. 
Traditibrial paterit, cbpynght, arid tirade secret 
copyright laws rilay, iri the case bf cbrinpUtef 
software, provide iriadeqUate bwriership 
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protection arid thus discourage industiy frdrii 
n1ai<irig adequate investments in software 
develdpnierit. By cdniparisdn, in such rapidly 
developing fields as biotechnology that 
depend heavily on progress in basic research, 
the overzealous prDtectlon of proprietary 
rights can limit scientific communication and 
thereby inhibit the development of the field. 

A final access issue is concerned with 
possible U:S: responr'^s to restrictions im- 
posed by several other nations on the flow 
of information across their Borders. The F>ap€r 
sa^ests that while there are many good 
reasons why the United States should not 
emulate these restrictive policies, it is im- 
portant that U.S. foreign policies deal with 
them more effectively. For that reason, the 
economic and/or cultural rationale under- 
lying those policies needs to be more clearly 
understood. 

Ecbribrriic issues associated with scientific 
irifbrrriatibri have assurried particular irin- 
portarice because of the Reagan Admiriis- 
tratiori*s policy of returning responsibility for 
the development of commercializable prod- 
ucts and services to the private sector. One 
unresolved problem is how to set a price on 
information, collected, or generated, by the. 
Federal Government that recovers a reaison- 
3ble fraction of the cost, while assuring 
equitable access to that information: A close^ 
related problem has to do with protecting 
he private sector from unfair competition 
Dw the Federal Governmei?*, while assuring 
:hat the quality and accessibility of data bases 
:hat have been the responsibility of the 
Federal Government are maintained. Central 
o the resolution of these Issues will be finding 
Mays to place a monetary value on iriforma- 
ipn products arid ervices, arid tb deterinine 
vhich types bf inforrriatibri serve the brc>ad 
Dublic iriterest arid which serve riarrbwer 
riterests rribre apprb^priate for private sector 
:brnrriercializatibri^ 

The paper revie'ws the debate bri these 
ssues, highlighting the major arguments in 
avbr bf, and opposed to, further limiting 
he Federal role in generating, organising, 
ind disseminating information. It concludes 
hat there is a pressing need for a systematic 
eassessment of pricing policies for Federal 
nfomnation services, particularly since those 
)olicies differ considerably among Govern- 
nent agencies. More generally, the paper 



suggests that aijthbrity arid respbrisibility for 
dealing with scientific arid technical irifdr- 
niatidri issues within the Federaj bureaucracy 
need td be more cleariy defined. Concunrerit 
with such a review and possibie restructuring 
of Federal authority and responsibility in this 
area, awareness of scientific and technical 
information policy issues needs to be en- 
hanced among Federal R&D policymakers: 
Likewise, representation of U:S: interests in 
scientific and technical information ought 
to become a more conscious element of 
our foreign policy. 

Encoiiragitigthe lifipteiiienta* 
iloh bf New Technologies 

The three papers that cbristitute the firial 
set iri the coriiperidiurii— Lesd/ and RegU- 
iQtojy tmptlCQtions of the Video Tetecorri- 
muniCQtioris Revotutiony Trends in Com- 
puters and CornmuriiCQtion: The Office of 
the Future, and Fosienrig the Use of Ad- 
vanced Monufacturing Technotogj; — are 
explicitly concerned with the effects of 
emerging technologic on public policy, and, 

. reciprocally, with economicr-sociai-and 

political factors that affect the adaptation 
and implementation of promising new tech- 
nologies. Understanding these factors is 
particularly important in view of the Admin- 
istration's poliq/ to encourage the accelerated 
c6mmerciali7ation of high-technology 
products and services and by so doing to 
increase the productivity and intematibnal 
competitiveness of American iridustry. 

Legal and Regulatory implications of 
the Video Telecontmanications 
Revolution 

This paper pr^erits a particularly tirriely case 
study in the way new techridldgical capabilities 
can challenge the rationale underlying a 
long-standing public policy. 

The basic premise for the Communications 
Act of 1934, which stil! serves as the center- 
piece for Federal regulation of broadcasting 
and cable, was the presumed scarcity of 
communications frequency bands in the 
electromagnetic spectrum: This scarcity 
assumption was entire^ apprcpriate in 1934 
when foreseeable communications tech- 
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nobgies rested on broadcasting within a 
relatively limited region of the spectrum. In 
view of the assumed scarcity of frequency 
space, the framers of the Communications 
Act agreed that a totally free rnarket would 
result in a highly chaotic situation that would 
in turn distort the develbpment of the broad- 
cast industry. The Act therefore sanctioned 
regulated monopolies by directing that 
specific frequencies should be licensed to a 
lirriited riurhber of radio (and later television) 
stations. In return for the privilege of limited 
cbmpetitibri, the activities of licensed stations 
were to be regulated in the public interest 
by a new agericy^the jFederal Cbmrriuni- 
catidns Cbrtimissibh (FCC). 

During the past decade, ilew cbrrirriuhi- 
cations technologies have all but made rribbt 
the scarcity assumption on which the 1934 
Communications Act rests. This is particularly 
true for video telecommimicatibns, where 
[headvent of cable, micro* jvave, and satellite 
c^omm^unications technologies has led to a 
phenomenal increase in the number of 
interference-free broadcast channels available 
in a particular geographical region. The paper 
argues that, as a result, the former Gov- 
ernment-sanctioned and regulated regime 
Withih~whtch'"th^brbadt^^^^ 
oped is in the process of becoming a com- 
petLtive, unregulated regime. 

The paper considers four broad policy 
issues raised this trarisitipn from a relatively 
uricbmpetitive videb market to one charac- 
terized by cbrripetitibri arid abundance: 

• How shbuld entry iritb the video market- 
place be regulated— fbr exarriple, how 
active shbuld the Federal Gbverrirrierit 
be in licensing, franchising, arid tech- 
nical standard-setting? 

• To what extent and by what means 
should video content be regulated — for 
example^ should the Fairness Doctrine 
requiring a balance of presentations 
on controversial issues be maintained 
in a nonmonopoly environment? 

• To what^ exterit shoujd the Federal 
Govemment encourage a truly com- 
petitive video market — for example, 
what should it do about concentration, 
cross ownership, and joint ventures 
among media operations? 

• What dangers to democratic rights may 
be posed by the video telecommunica- 



tions fevolutibri— -fbr exariiple, irivasibri 
of privacy and the widening bf irifbr- 
rnation gaps between rich and pbbr? 
M four issues involve complex econbmic 
and social factors: The paper posits that the 
most Hkejy scenario for their resolution during 
the remainder of the decade Is a shift in 
both the substantive focus and the locale of 
video regulatory action. According to this 
scenario, emphasis will move from a concern 
with licensing standards toward maintaining a 
competitive market. Since polio; debates and 
directives would then be carried on within 
an antitrust framework, the locale of regu- 
latbry activity would most probably shift frorn 
the FCC tb the Congress and the courts. 

The regulatbry frarriewbrk for video tele- 
cbrriniuriicatibris, irivblvirig as it does the 
interplay bf a riurriber bf uncertain economic, 
sbcial, and techriblbgical factbrs, is changing 
as the available technblbgies evolve. The 
extent tb which any individual new techriblb^ 
Is ultimately adapted and implenlented fbr 
successful commercial use will depend in 
large measure on the development of that 
regulator? framework. 

TrciidsJnXpmpUte^^ 

cation: The Office bf the FUtiire 

According to the Annual Science and Tech- 
no/ogy Report to the Congress: 1982, the 
Administration intends to focus its R&D 
support more sharjDly than in the past in 
the service sector, in recognition of its growing 
importance to the U.S. ^conomy.^ Recent 
technological advances have considerable 
potential to increase productivity in the service 
sectbr. Iri particular, the use bf computers 
linked by cbrririiuriicatibris networks could 
lead tb drarnatic chariges iri the ways that 
office furictibris are perforrried arid, therefore, 
in the ways that bffices— arid the larger 
institutibns they serve iri bbth public arid 
private sectors — are biganized arid rrianaged. 
The relatively recent intrbductibn bf free- 
standing word processing facilities has 
already led to some changes in office prac- 
tices, ajthough not, as yet, to the dramatic 
gajns in white collar productivity that many 
experts had foreseen: One probable reason 
is that word processors have often been 
regarded primarily as labor-saving devices 
and introduced with little or no advanced 
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Dlanning about how to reorganize^n office 
3r redefine tasks to make optimum use of 
:heir capabiiities: 

This paper describes a range of currently 
available technologies, all of which are likely to 
36 irnplemented in the office of the future. 
These include word processors with sub- 
itantia! stand-alone capabilities that can 
:bmmunicate with one another via telephone 
inks; facilities to handle electronically all 
:orrespondence within an organ izatibri as 
veil as a good deal of cbrrirriuriicatibri 
between bi^anizatibns; and telecbriferehcihg 
acilities to replace face-to-face meetings. The 
opportunities offered by these irihdvatibris 
b develop entirely new approaches to 
Drgariizatibri, managemerit» and control 
orbrriise dramatic gains in service sector 
DrcKductivity. However, the fact that behavioral 
jnd brganizatibnal factors are crucial to the 
mplementatibn of computer-based office 
echnblbgies may be a principal reason for 
heir unexpectedly slow acceptance in the 
tnarketplace. 

The paper discusses some of the factors 
hat have impeded the implementation of 
hese technologies, it also explores some of 
he implications for the nature and organi- 
:ation-of-office-work-in-the-futurerand-for- 
he skills that will be demanded at various 
evels within organizations if and when these 
echnologies become commbnplace. The 
}aper concludes by identifying a number of 
jcbnbmic and social problems that are likely 
b efmerge If office autbmatibn prbceeds as 
mticipated. while nbting that the nature arid 
everity of these problems will deperid bri 
he pace of implemeritatlbri. Whatever that 
)ace may be, the derriarids bri iridustry arid 
)ri educatibrial iristitutibris tb defirie arid to 
)rbvide the techriical skills required of future 
)ffice persbririel are likely tb be particularly 
)ressiri§. 

'psierihg the Use of Advanced 
lahufacturlhg Technology 

'he adaptation and implementation of 
vailable and emerging technologies for 
ommercial use are particularly important 
0 manufacturing industries: During the past 
ecade, several new technologies have made 
ossible fundamental changes in manufac- 
jring processes that could lead to significant 



enhancements in the quality of manufectured 
products and to an overall growth of pro- 
ductivity and international cbrhiDetitiveriess 
iri the U.S. manufacturing sector. Substantial 
contributions were made by American engi- 
neers to the development of rnany of these 
innovative technologies^ including rbbbtic£» 
cbmpijter-aided rnanufacturirig, group tech- 
nblogy» and flexible manufacturing systems, 
Yet the United States has lagged behirid 
bther iridustrialized cburitries iri the diffu- 
sion and iriiplerrieritatibri bf advariced rriari- 
ufacturirig systerris. This lag has led, iri part» 
to the erosibri bf bur iriterriatibrial competi- 
tive pbsitibri. 

This paper argues that most analyses of 
the relative failure of U.S. industry to incor- 
porate advariced process technologies have 
been flawed by an almost exclusive concern 
with macroeconomic factors: In contrast, 
factor that determine whether and how these 
technologies are implemented at the factory 
level have been largely ignored. Advanced 
process technologies ought to be regarded 
as complex sociotechnical systems rather 
than as pieces of hardware: It follows that 
their implementation into manufacturing 
processes often involves major changes In 
-corporate-strategies-brganizational-design,- 
and human resource requiremerits. 

For example, Implementatibn bf a rbbbtics 
system cannot be carried out effectively by 
simply replacing humari wbrkers with 
machines. Rather, makirig effective use bf 
rbbbtics may require that eritire production 
processes be redesigried arid riew types of 
tasks assigried tb wbrkers bri the factory 
floor. Such mbdificatibris mbst bfteri require 
that wbrkers be retrairied iri new skills. Equally 
impbrtarit» successful implemeritatibri of an 
advariced rbbbtics system may require the 
active participatiori bf workers in operatiorial 
decisibrimakirig» with significant implications 
for corporate management practices. Thus, 
implementation of these and other advanced 
manufacturing technologies involves inter- 
actions among different fu^nctiona|unJte within 
a fimi, with effects that may be radical rather 
than incremental: 

The paper argues that current efforts to 
encourage the implementation of advanced 
manufacturing systems in U,S. indust^ are 
probably inadequate, given the inherent 
difficulties in the technology transfer process. 
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Federal efforts have t^eri uneven, particularly 
since much of the Federal R&D effort Is 
mission oriented. Universities, while reason- 
ably active in the R&D underlying advanced 
manufacturing techhbldgies, have largely 
ignored dissemination and impleriieritatibri 
problems. The paper concludes that a sys- 
tems orientation by both Government arid 
private industry will be required if U.S. 
industry js to take full advantage of the 
promise of these new technologies. 

While the ias^ set of these papers deals 
explicitly with policies to accelerate the 
implementation of new technologies^ each 
of the other papers in the compendium deals 
with parts of the broader question of how 
the United States can make more effective 
use of its superlative capabilities in science 
arid erigirieeririg to achieve its national 
goals. As all nine papers make clear, attain- 



rherit of this broad objective will require, in 
the words of the AnnuQi Science and tech- 
nology Report to the Congress: i9S2\ ":::a 
strong partnershijD among Government, in- 
dustry, arid academia, with each understend- 
jrig itt responsibilities, assuming them to the 
fullest, and carrying them out completely: 
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International Cooperation iii Seieiicei 
Tile U.S^ Role in Megaprojects 



Abstract 

^ R^^'^^^^^S.^PAi^".^^^ reducing the strain on American scientific resources is cboperatibri 
^.^'L^^^?L^R'^'^_^"?^_^" ^'^^^^ demand big staffs, cbrriplex man- 

agerial anrangements, and large budgets — the so-called "megaprojects." In the future, these 
"big science" ejforts increasingly may be pursued within an international division of labor 
framework emphasizing the identification of particular areas of expertise or cdncentratidris 
of special facilities that provide o^nique opportunities for the U.S. scientific community. 
The greatest potential benefit froni such cooperation Is improved economic efficiency, but 
the fi nancial advantages of joint action are supplemented by the promise of important 
gains In the innovation process itself and by the possibility that political good will among 
the participants will be enhanced. But scientific cooperation on a large scale is not without 
its obstacles and constraints. Bureaucratic inertia and resistance mast be overcome, suf- 
ficient planning capabilities must be linked to the cooperative venture, and systematic 
eyaluatibri bf the anticipated and realized costs and benefits of the project must take place: 
Moreover, the fragmented and largely incoherent approach used to date in formulating 
arid irriplerrieritirig cooperative scientific programs must be modified. At least four sets of 
policy issues rriust be faced arid bvercbme: choice of areas of cooperation, choice of 
partners, choice of orgariizatibrial arid managerial mechanisms, and choice of funding 
arrangeriierits. Resblvirig these issues appears tb deperid upbn the ability to develof) a data 
base defining the iriterriatiorial divisibri of labor iri science, tb generate greater coordination 
various national science brgariizatibris, arid tb be rribre explicit about the funding 
levels for cooperative projects. 



Introduction 

The rildre thari 20-year era in which the 
United States was able tb dbrriiriate the 
global science arid techriblbgy areria by 
pursuing an aggressive, brbad-frbrit assault 
on the entire menu of scientific arid tech- 
nological alternatives appears tb be over. 
Several factors have contributed to the erid 
of American dominance of interriatibnal 
science and technology. 

First, the long-term condition of reduced 
rates of economic growth, combined with 
inflation, has constrained the investment of 
funds in both the human and the physical 
resources available for scientific and tech- 
nolpgLcal activities. For example, as early 
as 1981, analj^ts ol the U.S. research and 
develbpment (R&D) s^tem were observing 
that a '*furidamerital turning point" had been 
reached with regard to Federal funding. 
Nbrideferise R&D has been faced with tighter 
budgets, arid rriariy iriitlatives have been 
either cancelled br deferred.^ 



Second, U.S. leadership in scientific and 
technological fields has given way to shared, 
or even Ibst, leadership as the Western 
dembcracies and other states have recon- 
structed arid develbped In the postwar 
fjeribd. This is particularly the case with 
regard tb the OECD (Orgariizatibn for Eco- 
ribrilic Cbbfjeratibri arid Develpprrierit) 
ecbribrilies, but iricreasirig cbrripetitibri alsb 
comes from a riurilber bf Cbrrvrriuriist cburi- 
tries and a few iridustrializirig less develbped 
nations.2 The OECD states, especially West 
Germany and Japan, have expanded dra- 
nnat|cally their intellectual and productive 
capabilities smce World War jj, and these 
states have gone further than the United 
States in exerting a measure of centralized 
control over the fornnulation a n^d imple- 
mentation of science and technology policies: 
As a consequence, they have become much 
more competitive in international trade:'* 

Third, the science ^nd technology policy 
priorities pi most OECD states, including 
the United States, have undergone sut«tantial 
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changes oyer the past two decades. In this 
country, the. pressure to reestablish ecb- 
ribrriic growth rates arid to create eriiploy- 
rrierit bppbrturiities has rriearit that industrial 
iriribvatibri iricreasirigly has coriie tb be 
seen as the itibst crucial, arid rinbst ignored, 
hbridefense science and technology 
priority.'* Compare this orientation with the 
197ds focus on such priorities as environ- 
mental protection or social development 
and services. 

Recognition of these limitations, implicit 
in actions of the Federal Government for 
some time, now has been officially acknowl- 
edged: For instance, George A: Keyworth, 
Director of the Office of Science and Tech- 
nology Policy (OSTP), has said of the emerg- 
ing difficulties facing American scientific and 
technological initiatives: 

As I have stated on other occasions, there 
are a number of good reasons why we 
cannot expect to be preeminent in all 
fields, nor is it necessarily desirable. The 
idea that we can't be first across the 
spectrum of science and technology is 
not simply a function of our current 
economic situation: The fact is that im- 
mediately after World War 11 this country 
was alone in developing and pursuing 
technology. Since then the rest of the 
world has been catching up — with much 
help from us.^ 

Taken together, these factors have made 
international cooperation in science and 
terhnology an especially attractive option: 
Not only can joint action reduce the strain 
on American resources, but the capabilities 
dF other advanced, industrialized countries, 
and occasionally those of underdeveloped 
:ountries, are welcome assets in the pursuit 
Df the benefits of science and technology. 
Indeed, President Reagan himself has cited 
:he desirability of such efforts and the need 
'or this country tb identify the *'mbst fruitful 
areas of cbbperatibri."^ 

Iriterriatibrial cbllabbratibri iri sciericearid 
echriblbgy ericbrripasses a variety bf sub- 
;taritiye activities. These range frbrri suppbrt 
Df rriilitary arid pblitical alliances through 
he use bf rrlbre applied R&D, to very 
nforrtial linkages among members of the 
jlobal scientific community concerned with 
he advancement of knowledge and the m<^t 
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basic aspects bf research. Such activities are 
pursued thrbugh rriariy differerit brgariiza- 
tibrial arid riiariagerial aitarigeriierits, in- 
cluding bilateral br riiultilateral gbveninierital 
relationships, or the use bf iriterriatibrial 
organizations. Many different participants 
perfbffn a variety of roles in these cooperative 
ventures. The most significant actors are 
national governments, private corporations, 
and universities.^ 

There appears to be some consensus in 
the American scientific and engineering 
communi^ that one of the most promising 
opportunities for U:S: involvement is in 
international "megaprojects,'' or so-called 
"big science.''^ These are projects in such 
areas as high-energy particle physics, outer 
space exploration, or geodynamics re- 
search that require extremely elaborate 
equipment and facilities and large teams of 
prbfessibnals— requisites that typically 
derriand complex brganizatibrial and rriari- 
agerial mechariisrriSt ijsually rriultilateral iri 
character, arid a variety bf participarits, 
iricludirig substaritial iriputs frbrri the private 
sectbr arid uriiversities.^ 

A gbbd exarflple bf a megaproject is the 
Eufbpean Center for Nuclear Research 
(CERN) plan to build a new particle accel- 
erator as part of its high-energy physics 
program. This large electron-positron (LEP) 
storage ring is designed to speed subatomic 
particles around a circular tunnel 16 miles 
long (by comparison, the Fermi National 
Laboratory's facility in Illinois is 4 miles in 
length). The first phase of the new GERN 
accelerator is estimated to cost some $610 
million, and the second phase about $120 
million more. The Jinal cost_might be as 
high as $l_billion. Perhaps 250 physicists, 
from both Western and Communist scientific 
establis_hmerits,_ would be involved iri the 
effort. Fbr the Uriited States, the cbst bf 
participatibri is projected to be sbrrie $20 
rriillibri. If it is approved, the LEP wbuld 
represerit the largest Arriericari cbrrirriitmerit 
of this kirid. Given constrained dbrriestic 
finances, the LEP proposal has been temied 
an "acid test'* of U.S. involvement in coop- 
erative international science projects.*" 

Uncertainties about the size, scope, and 
skill mix of megaprojects like the tEP are 
the greatest incentives for American involve- 
ment and, at the same time, the most 
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sigriificarit sources of bppbsitidri to. inter- 
:.natibrial cbbperatibn. On the brie Hand, 
supporters bf cbllaboratibn argue that the 
cost of U.S. unilateral action in bi.£ science 
jDrqjects increasingly is prohibitive. Mbrebver, 
rriariy jDrdpdricrits of cobjDeratibri Have been 
critical of the traditional "pork barreP' way 
in which some fijnds have been allbcated 
among U.S. scientists in big science areas. 
On the other hand, opponents bf cbbperatibn 
stress the underfunding bf American prbjects, 
and they ask difficult questions abbut hbw 
the costs, risks, and benefits of collaboratibn 
be determined and distributed 
among participants:^^ 

Faced witfisac^ sensitive and controversial 
issues, U:S: policymakers have been searching 
for a more systematic way to choose appro- 
priate targets of opportunity; Increasingly, 
the Reagan Administration is approaching 
such choices in the context of an *1nter- 
national division of labor" framework. That 
is, there is an attempt to identify special 
areas of expertise, cbncentratibns of particular 
skills or equipment, br other characteristics 
bf the global scientific infrastructure that pose 
attractive opportunities for U.S. invblvemerit. 
As OSTP has argued: 

We must now think in terms of an inter- 
national division of labor, where achieve- 
ments in one place can complement those 
in another. Through cooperation with 
bther detvelbped nations, we can achieve 
a more efficient distribution of the burden 
bf scientific and techriblbgical research 
on a wbrld scale and provide access for 
U.S. scientists tb special br unique facili- 
ties abroad that wbuld be prohibitively 
cbstly tb reprbduce at hbme.*^ 

Although hardly a new idea — it has been 
suggested for years that greater international 
use should be made of certain national 
facilities— -the use of this approach as a 
decisibn framework still Is new to this country. 
Nevertheless, enbugh Is known to make It 
clear that an international division of labor 
orieritatibn has some key advantages. First, 
it iricbrpbrates the requisite of budgetary 
discipline into the chbice bf appropriate 
targets bf bppbrtunity. Second, because it 
fbcUses attention bri the unique resburces 
of bther sbcieties, it hblds the prbrnise bf 
simplifying sbftlewhat the prbcess bf making 



decisibris abbijt iDbteritial iDartriers, iristitu- 
tibriaj rnechariisrris, arid areas bf cobjDeratibri. 
Third, it rriakes explicit a criteribri, ecbribrnic 
efficiency, by which chbices cari be rriade. 
Clearly, defining bperatibrial evaluative criteria 
appears tb be a very irripbrtarit reqijirerrierit 
when atternptirig tb assess such corriplex 
scientific Undertakings as megaprbjects. 

The purpbse bf this paper is tb ask: What 
issues are likely to confront the divisibn bf 
labor approach to American participatibn 
in scientific megaprojects? And how can these 
issues be resolved? Following a background 
discussion of the opportunities, difficulties, 
and condjtjons for success in iniernational 
scientific cooperation, the emerging issues 
likely to pose ctetacles for U:S. involvement in 
science megaprojects are outlined: Finally, 
some policy options for contributing to the 
resolution of these Issues are delineated: 



Background 

The substantial opportunities and benefits 
associated with international cooperation in 
science alwa^^ must be weighed against a 
set of very real difficulties and costs, and 
the balancing of these factors places national 
decisibrimakers iri sbmething bf a dilemma. 
This is because iri ari iriterriatibnal setting, 
riatibrial gbverrirrierits almbst always have 
rriultiple policy goals arid bbjectjves regarding 
the perfbrrriarice bf the scientific eriterjDrise, 
arid these gbals arid objectives bfteri are iri 
direct conflict. Tb cite brily the mbst bbvibus 
example, a balance riiijst be struck between 
the use of research tb suppbrt dbrriestic ftrfns 
in the international marketplace and the 
reliance on cooperative ventures to reduce 
the high costs of acting in isolation. In short, 
decisions nTUSt be made regarding the inter- 
national costs and benefits of cooperative 
versus competitive science projects:*^ Thus, 
the opportunities and limitations of coop- 
eration almost always are diverse and to 
some degree a function of a particular 
definition of national interest, the hierarchy 
of public pollq; priorities, and the perception 
bf international comparative advantage. It 
is possible, however, tb rnake some gen- 
eralizatibns abbut the relative benefits and 
cbsts bf internatibnal scientific cbbperatibri. 
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The major bppbrturiities arid beriefits 
gerierated by irivblveriierit in cooperative 
scieritific erideavbrs are as follows: 

• Making greater resources available, in 
teitns of irifbrmatibn, knowledge, and 
know-how necessary for any scientific 
activity; 

• Making possible a wider range of topics 
and a broader range of approaches; 

• Reducing the financial burden on all 
participants: 

• Speeding up the entire inno^tion proc- 
ess, from basic research to application; 

• Reducing wasteful redundancy; and 

• Enhancing good will and communica- 
tion among the participants.*^* 

These benefits fall into three broad cate- 
gories: the facilitation of the innovation 
process itself (the first two points), financial 
advantages (the next three points), and 
the provision of political opportunities (the 
final point). 

The development arid rriairiteriarice bf 
gbbd will ariibrig partriers bfteri is cited as 
ari iriipbrtarit political advaritage bf inter- 
riatibrial cbbiDeratibri, although this set bf 
benefits is bf th*? lowest pribrity and the most 
difficult tb calculate. Highly symbolic aspects 
bf megaprbjects, such as "space handshakes" 
between U.S. arid Soviet astronauts, have 
been justified in terms of political benefits 
of this sort. In addition to the assumption 
that cooperation will improve transnational 
understanding and build an appreciation for 
and tolerance of various cultural and philo- 
soohicai factors, it is assumed that scientific 
cooperation can serve as a useful diplomatic 
tool. In other words, collaboration in scientific 
activities often is viewed as a useful way to 
signal approval of the actions bf another 
nation, while the withdrawal bf cooperative 
programs is presumed tb send impbrtarit 
messages of condemnation.^^ Sijch was the 
case with the limited curtailmerit bf American 
cooperation with the Sbyiet Uriibri in the 
wake bf the irivasibri bf Afghariistari. These 
are, hbwever, only sigrials arid syrribbls. Nb 
rriatter hbw valuable they are in the jDblitical 
cbritext, such advantages bf scieritific cbbp- 
eratibri are unlikely tb provide the basic 
rationale for engaging in expensive mega- 
prbjects, especially in a future likely to be 
dominated by constrained resources. 



Far more significant are the benefits that 
cboperatibri provides to the innovative 
process itself. In the absence of collaboration, 
the attainment of a critical mass of expertise 
and funding may be impossible; As a con- 
sequence, some projects will not be under- 
taken and others will be scaled down: For 
example, the International Geophysjcd Year 
would have been an unthinkable undertaking 
without global cooperation: Also; a variety 
of participants makes available a broader 
range of analytical approaches, methodol- 
ogies, and research techniques than would 
otherwise be the case. Nb nation has a 
monopoly on scientific Ingenuity, and the 
unique resources and talents of many smaller 
cbuntries are nbt likely tb be utilized iri the 
most effective rriaririer liriless cobperative 
relatibriships are established. 

Mbst atteritibri iri the United States has 
beeri devbted tb the direct firiaricial beriefits 
bf rriegaprbjects. As butliried above, these 
iriclude the reductibn of time, elimination 
bf sbrne duplication of effort, and the 
spreading bf costs over a larger group of 
actors. Iri the past, significant benefits have 
accrued to the United States in each of 
these categories. For example, ^^e Staje 
Department cites task sharing with foreign 
scientists and laboratories in the lunar sam- 
ple analysis program as having saved the 
American taxpayer more than $5 million. 
Similarly, visits to laboratories and ex- 
changes of technical data in the U.S.-Japan 
Natural Resources Prbgrarri were, credited 
with. saving an estimated $100,000 to 
$150,000 by helping American scientists 
avoid research duplication.*^ ^ 

Several important caveats regardirig these 
obvious firiaricial advaritages rriust be ribted, 
hbwever. First, erripirical eviderice bri the 
paybff frbrri rribst cbbpierative activities is 
sketchy, arid bfteri the ecbribrriic beriefits bf 
such projects are ribt subject to quaritificatidri. 
Secbrid, cost bverriins iri the management 
bf megaprbjects are serious potential liabilities 
arid rtiust be taken mtO} account in any 
financial analysis. And third, despite the 
problems encountered with duplication of 
effort, a certam amount of redundancy in 
the scientific enterprise clearly is desirable 
as a crosscheck on the validity of results 
and findings. 
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The most significant difficulties and costs 
associated with international cooperation in 
science are: 

• Inherent difficulties in meshing disparate 
national bureaucracies; 

• Delays in reaching decisions among 
differing political and legal systems; 

• Complications of varying decision 
process(^, priorities, and competencies; 

• Costs of international bureaucracy; 

• The dariger that political inertia, which 
rriakes projects hard to start, but even 
harder to stop, will dbrriiriate; 

• The possibility of drains bri riatibrial 
research budgets because bf interna- 
tional commitrtierits; 

• The tendency to undertake, interna- 
tionally, only low-priority projects; arid 

• The apparent conflict between coop- 
eration and improving a nation's corii- 
petjtive position. 

In one way or another, each of these costs 
of cooperation has to do with the dynamics 
of national and international organizations, 
especially bureaucratic ones: Barriers to the 
implementation of megaprojects include a 
host of differences among national decision- 
making procedures, consent mechanisrns, 
and legal frameworks. The degree of cen- 
tralization bf science policymaking, or the 
comprehensiveriess bf national scientific 
plaririirig are only two examples of the 
factors that help deterrriirie how well par- 
ticipants in cbbperative ventures are able to 
mesh their bijreaijcracies. 

An even riidfe trbijblesbrrie bbstacle to 
cooperation is posed by the very differerit 
national science policy priorities that rriust 
be integrated into a megaproject. Clearly, 
nations have very different rationales for and 
rankings of .basic goals and objectives, such 
as the desire to maximize industrial inno\^tion 
or the need to rnamtain the national knowl- 
edge pool, and these divergent priorities pose 
major constraints on cooperation: This is 
especially the case given the fact that these 
goals and objectives seem increasingly to 
be linke!d_tb nonscientific foundations. As 
the OECD has observed: 



(T)he prbcess bf pblicy formulation for 
science arid techriblbgy increasingly 
appears to be based, in soriie cbuntries 



at least, upon broader political cijrrerits. 
This is so for a riijniber bf reasbris but its 
implicatibri is that the jDolicy jDrbcess is 
gradually coming to reflect iridiyidijal 
national political values arid traditions, 
rather than something generally charac- 
teristic of science and technology.*^ 

Thus, the general policy style or political 
culture of a counSy may be a more important 
determinant of science policy than any 
identifiable importance attached to the 
scientific enterprise itself or to any special 
benefit assumed to result from the support 
of that enterprise. This is not to argue that 
therejsn't considerable consistenq; between 
OECD scitiice policy; priorities, but that those 
gbals and bbjectives are far from identical 
and are shaped by the individual economic, 
foreign, arid sbcial pblicy concerns bf each 
cbijritry. For exarriple, even the current 
erriphasis on stirnijiatirig industrial inribvatibn 
within the developed wrid rriasks important 
national differences in erriphasis, arid gov- 
ernment R&D experiditures in this area 
actually have been on the decline in a riurriber 
of countries (Belgium, Sweden, and the 
United Kingdom, for example).*^ 

Siv^n^ these kinds of complications, it is 
no surprise to fin d that bureaucratic inertia 
is a major concern in megaprojects. In 
addition to the constraints outlined above, 
four other factors seem to conSbute to delays 
and higher costs in big science efforts: the 
requirement to spread financial and man- • 
pbwer resources over a number of scientific 
prbblerris at the same time; the long tirne 
frarries within which such projects operate, 
which generally means that management 
has trouble specifying the duratibn of any 
particular activity; the difficulties involved in 
rtiaxirrlizirig iriteractibn arribrig a range bf 
academic discipliries arid other prbfessibris; 
and the rigidity that seerrls to accorripariy 
projects overseeing large grbijps bf experts 
from diverge national backgrounds.^ 

The problems encountered in organizing 
cooperation contribute to the higher total 
cost of iniernational projects, although, as 
noted aBove, a significant benefit to each 
participant is the lower cost. But even the 
reduced financial burderjs ofmvolvement 
in a collaborative effort may be resisted by 
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domestic research agencies; As in any 
bureaucratic setting, specia^lized knowledge 
and research funds are major sources of 
political power — sources that may not easily 
he committed to international ventures if 
such a policy commitment means a transfer 
of budgetary or personnel authority _to an 
international organization or a different 
agency: This tendenq/ to protect bureaucratic 
territory cannot be overemphasized, and, in 
a time of intense compeKKon arribhg agencies 
for funds, the skepticism about iriterriatibnal 
activities naturally is heightened. All this helps 
to explain why cbbperative efforts tend to 
belassigned relatively Ibw priorities in most 
OECD science pblicijs and why international 
collabbratibri generally is placed at a severe 
disadvantage in the bureaucratic policy- 
rriakirig prbcess. 

Finally, while certainly there is no checklist 
bf how to succeed iri international scientific 
cbbperatidn, it is useful to specify sonne of 
the lessons learned in this arena: A review 
of the literature has revealed the following 
important conditions: 

• intergovemmental cooperation must be 
based upon an awareness of the political 
context, and the further the program 
moves toward applied research, the 
more precise the political imiDlicato 
must be. ■ 

• It is important that there shbuld be 
similarity between partners, both iri sci- 
entific and technical develbprrierit, arid 
in economic develbprrierit. 

• Aims of the jbint actibn must be clearly 
defined at the butset. 

• A gerieral preparatbry mechanism for 
cbntact arid discUssibri is necessary to 
laurich, define, and mount the joint 
effort. 

• A detailed cost-benefit anals5is£f various 
potential institutional frameworks 
should be conducted: 

• Direct cooperation between national 
establishments is preferable to the cre- 
ation of an international body. 

• A balance between equity (returns In 
relation to investrnent) and efficiency 
(entrusting work to those most com- 
petent to perform It) must be reached. 

• Adequate mechanisms for supervisibri 
and responsibility In mbnitbring arid 
management must be jDrbvided. 

6 



• The iriterriatiprial prbgrarri shbijld riot 
compete with riatibrial prbgrariis™it 
should cbrinplemerit therii. 

• Red tape rriust be riiiriirinized arid the 
delegatibn of respbrisibilities rnaximized 

• Budgets should exterid over a riUmber 
bf years tb eiisUre firiaricial stability.^^ 

Esseritially, these factors point to the 
riecessity bf anticipating the relative costs 
and beriefits of cooperation systematically 
arid cbriipreherisiveiy. Planning appears to 
be a requisite for success in cooperative 
projects. Also important is the ability to 
balance political and scientific variables in a 
pragmatic way. Of course, an underlying 
assumption of these conditions is that there 
is some consensus about what constitutes 
**success" in an international scientific en- 
deavor: in fact, such agreement has been 
difficult to achieve. Debate about the most 
appropriate indicators of project success 
appears to be endless^ with some arialysts 
arguing that the scientific significance bf the 
results produced by the project is the brily 
legitimate guideline, arid bthers pressirig fbr 
the application of brbader staridards. Thus, 
It has been suggested that the degree to 
which the coritiriuity bf scientific activity in a 
cbuntry has beeri enhanced by a project 
is the best criterion for determining 
jDrbject success.^^ 

Abbut the best that can be said for the 
cUrirerit state-of-the-art of project^evaluation 
is that something is known regardmg the 
components thaj many nations appear to 
consider as being conducive to intemational 
partnership: Thus, scientific projects that 
succeed as international cooperative ventures 
are typically related to subjects that transcend 
national ffontiers, are costly, have long-range 
objectives rather than commercial airris. arid 
correspond to the political bbjectives bf the 
countries Involved.^'* Mbvin§ beybnd these 
factors to more systematic analysis requires 
more explicit evaluative criteria. It is here 
that the Reagari Admiriistratibri*s division 
of labor approach Ultirriately may have its. 
greatest appeal. Because this orientation 
rriaridates ari efficiericy standard and a hard 
Ibbk at the scientific capabilities of other 
developed societies, success may be easier 
tb define — economic paypft'nJ'l^ area^f 
industrial innovation, for e>Qnnple. But im- 
plementing such gi gpproach will not be 
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easy. A number of emerging issues must be 
faced and resolved if American invADlvemerit 
in megaprojects is to succeed vwthin a division 
of labor approach. 

Emerging Issues 

Many U.S. cooperative programs in science 
suffer frdrri the absence of any coherent 
strategy. The approach used to date, in which 
decisions are based as rriuch on the overall 
foreign policy climate as on any particular 
scientific considerations, accurately reflects 
the primacy of politics. But it is also a 
consequG ice of the very real problems 
inherent in long-range planning for science 
and the^dangers of overplannlng In an 
environment that changes as much and as 
rapidly as science^^ Because today^s inter- 
national scientific programs increasingly are 
dominated by the problem of funding^^sthis 
'^shotgun" approach no longer is viable: 
Changing this pattern of policymaking, 
however, will require coming to grips with 
some of the most intractable formulation 
arid irnplerneritatibri issues. A big science 
future based bri ari interiiatiprial division of 
labor will face at least four such issues: choice 
of substaritive areas of cbbperatibri, choice 
of partners, choice of brgariizatibrial and 
managerial nlechariisrris, arid choice of 
funding arrangenlerits. 

Choice of Areas of Cooperation 

The rribst furidarrierital issue cbrifrbriting U.S. 
participatibri iri rriegaprojeds is the difficulty bf 
specityirig future bppbitUriities. Science pblic^ 
frequently is shdbtirig at a riibvirig target, 
and the ability to ideritify those iriterriatibrial 
projects that will extend and cbnlplerrierit 
domestic activities Is made more cdnlplex 
by the need to take into account not only 
our own dynamic national interests but also 
for^elgn capab[lities (facilities, personnel, and 
other resources) and the changing science 
policy priorities of other countries: 

__/^^^^"9 ^l'®^?^"^'^'® picture of scientific 
capab[lities across national boundaries is 
relatively easy^and this is where most of the 
attention to date has been focused: Deter- 
mining how these capabilities are likely to 
be utilized in a hierarchy of constantly 
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charigirig science priorities is riot so easy; 
This is as true bf brbad shifts in erriphasis, 
such as the Ibwer pribrity attached to social 
objectives (health br pbllutibri research) by 
most OECD states tbday as compared to 
the rilid-1970s, as it is of rribrc subtle changes 
in goals, like the higher rarikirig of regibrial 
ecdndnlic develdprrierit in thi» scierice policies 
of many industrial sdcieties. Yet the ability 
to anticipate arid mdnitdf such chariges iri 
priorities, especially in OECD cduritries, is 
crucial for big science efforts. Clearly, should 
the goajs and objectives of these potential 
P^?I^®^_4^^®^_® radically from our own, 
cooperation woujd be made more difficult. 
But too much convergence in priorities also 
could be dysfunctionah If indusbial innovation 
and economic growth have become the 
central concerns in most of the developed 
\wrld, as appears to be the case, cooperation 
might take a back seat to pressures for 
cbmpetltlveness. According to Tisdell: 

Several governments and societies see the 
strategy of Increased International cdm- 
petitiveness of domestic industries en- 
couraged by appropriate government 
S&T (science and technology) policies 
as a means to solve unemployment, 
reduce inflation and increase economic 
growth. Countries such as dapan and 
Germariy appear to have used such 
policies successfully. They can work but 
they are not certain to do so. Further- 
rribre, the mbre countries that indulge 
iri these policies the greater the chance 
of these policies ribt being successful in 
the world as a whble. They are not ex- 
plicitly beggar-rriy-rieighbbr policies but 
they could becbrine so iri an iriflexlble 
economic world. Thus riew difficulties for 
this reaipoiitik strategy could arise bri a 
global scale even ignoring the possible 
adverse long-term effects on the environ- 
ment, the depletion of resources and the 
social fabric of soclety.^^ 

To avoid this possibility, rribre cbrripre- 
herisive arid systerriatic pribrity assessments 
in the area bf scierice pblicy are needed. 
Not dniydb rieed better irifbrrriatibri about 
the social methdds by which scierice priorities 
are set in various countries, but the riiax- 
imfeation of cooperative projects requires 
better underetanding of the ^ys in which 
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lorrnal goals and bbjectives are translated 
into funding allocajions in science budgets 
in other sbcieties.^^ 

Eveh assurriino! comprehensiori of the 
range of natibhal science priorities arid that 
these goals and objectives are, oh balance, 
compatible with bur own, there are additibrial 
dangers associated with the current thrust 
of American cbbperative science strategy. 
Because a divisibri bf labor approach stresses 
buildirig upbri the strengths of the existing 
iritcrriatibnal science system, there is the 
jDOleritial that scarce resources will be con- 
centrated in a few established big science 
fields, like high-ener^ particle physics:^iven 
the past appetite of megaprojects for money 
and expertise, resources may not be available 
for cooperative ventures in less prestigious 
fields such as environmental protection or 
the socia] implicajions of science. It can be 
anticipate^ that the great value now placed 
on cooperation that has the highest potential 
for leading to direct ecbnomic benefits or 
that facilitates industrial innovation will only 
work to reinforce this tendency. 

Choice off Partneis 

The OECD states provide the rribst attractive 
bppbrturiities for Arriericari irivblverrierit in 
megaprojects. Sirice sirriilarity between par- 
ticiparits (on scieritific, ecbribmic, arid political 
dirrierisibris) appears to be a crucial requisite 
fbr project success, the other Western in- 
dustrialized derribcracies naturally have been 
viewed as the logical U.S. partners in coofj- 
erative science ventures. Because Western 
Europe, Canada, and Japan have rapabiliti^ 
closest to our own, there is more under- 
standing of the potential targets^ of oppor- 
tunity, and there is substantial experience in 
scientific collaboration within the OECD 
framework and related glbbal institutions. 
For some time, many of the most productive 
tJ.S: cooperative programs have irivblved 
SECD nations. Exampies.of such ventures 
would include the 1979 U.S. -Japanese 
agreement tb cobperate bn fusibri research, 
and the 1980 French-Americari bcearibg- 
raphy cobperative prograrri.^^ A divisibri of 
labor apprbach to future scieritific cbllabbra- 
tibn appears tb offer prbrriisirig payoffs with 
these cbiJritries. There are, however, some 
impbrtarit issues raised by focusing Americans 



iriterriatibrial scierice policy on potential 
iritnractibris with other Western nations; 

Iri the first place, enthusiasm about the 
beriefits tb be had from mecjaproj^cts may 
ribt be as high iri other democracies as it is 
here. There is ample evidence, for e>eimp[e, 
that public spending on big scjence has 
leveled off and even declined in many OECD 
countries.^ Even within a cooperative frame- 
work, there may be the perception that 
megaprojects spread national resources too 
thin and that too many other opportunities 
are foregone as a consequence of chanrielir^ 
of scarce resources to big science. Mbreover, 
there are doubts throughout the OECD 
systern about the level and stability bf the 
^ariOLB national commitments to internatibnal 
projects. This Is asirue bf the Uriited States 
as of any other OECD rrierriber state. As a 
recent study by a cbmmittee of the Artiericari 
Cbngress pointed but, "the Uriited States 
appears tb have iriterriatibrial cbbperatibri 
less bri its rriirid thari mbst bf the nations, 
developed br iJridevelbped, with which it 
deals."^" This point has been amplified by 
Skblriikbff, who has argued that: 

Successful cbbperatibn also requires 
reliable partners. The record bf the Uriited 
States in modifying br abrbgatirig agree- 
ments makes future agreerrierits harder 
tb reach. Mbst recently, the prbpbsals to 
cancel the cbal liqijefactibri develbpmerit 
project with Japan arid Germany and to 
withdraw frbm the iriternational Institute 
of AjDplied Systems Analysis have dam- 
aged bur reputation as reliable partners:^* 

If scientific cooperatibn is tb succeed, par- 
ticularly in megaprojects, participarits must 
sbmehbw d«3velop rribre cbrisisterit, Ibriger 
term cornmitrrierits, despite the very real 
exigencies bf dbrriestic arid fbreigri politics. 

Finally, it is ribt clear hbw ari iriterilational 
divisibri bf labbr decisibri fi^mework will affect 
the ability bf less developed societies to 
participate effectively iri niegaprojects; jt [s 
certairi'that a number of the newly indus- 
trializing states, such as Mexico and Br^il, 
will play important roles in future global 
cboperative ventures^ But^because the re- 
sources for research are so concentrated in 
the developed world, there is a danger that 
significant Third World capabilities will be 
overlooked in the effort to maximize the 
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scientific talents of the West. Much better 
Iriformatibri about the scientific resources 
and policy priorities of less developed coun- 
tries is receded before major Third World 
irivblverrieht in a divisibh of labor framework 
can be ahticiiDated. A comprehensive inven- 
tory of the availability of scientific facilities, 
equipment, rriaterials, arid expertise iri the 
Underdeveloped world wpUld help to resolve 
many of these Uricertairities.^^ Even with the 
very substantial dbsfacles posed by differerices 
in levels arid rates of ecdridrilic arid scieritific 
development, with the threat of political 
instability, and vvith the pressirig needs for 
more applied research and development in 
the Third World, opportunities for collab- 
oration exist and are ignored in this country 
at some cost and risk. 

Choice of Organizational and 
Management Mechanisitis 

The performance to date of megaprojects 
and' of the U.S. science policy machinery 
suggests several important issues regarding 
cooperative organizational arrangerhents. 
First, there are a set of issues having to do 
with the appropriateness of existing U.S. 
planning and policymaking structures for 
future collabbratibri in big science. If rriega- 
prbjects are to be tailbred for specific ecb- 
ribrriic arid scieritific paybffe, theri ari efficieric^ 
criterion appears to derriarid a fairly cbrri- 
preherisive arid possibly sbrnewhat ceritralized 
oversight arid review capability at the riatibrial 
level. This teridericy is made more dramatic 
by the consensus in this country's science 
policy establishment that cooperation is 
facilitated by the use of a relatively large 
number of bilateral and multilateral arrange- 
ments: The conventional wisdom is that these 
modes of organization are easier to design 
to more precisely match national interests 
than is the use of existing international 
organizations or the creation of new inter- 
natibrial bodies. 

In such a system, planning and bversight 
becbrrie crucial, tb rninirnize fragmentation, 
duplicatibri of effbrt, and all the other 
bureaucratic ills discussed above. Unfor- 
turiately, the Arriericari riatibrial scierice pblic^ 
apparatus has received rriixed reviews of its 
perfdritiarice iri this area. While there are 
clear iridicatdrs that the fdle df scierice iri 



Anierican foreign policy has grown sub- 
stantially in the last several decades^ there is 
less eviden^ce^that this has resulted in a 
coherent program in the_nationaj interest: 
Gritics of the U.S: Government's leadership 
and organization in science policy emphasize 
that while there are important advantages 
associated with our decentralized system,^^ 
there is evidence that our approach often 
leads to poor coordination of initiatives^ 
cbnflicts in policies and goals, inadequate 
participation from the science community, 
arid a weak sense of international mission.^ 
Each bf these shbrtcbrriirigs rriay prove to 
be darriagirig tb a division bf labor orientation. 
Orgariizirig corriplex big science projects 
accdrdirig td ariythirig like the cbnditjbnr^^ 
fdf success dUtliried above (the use bf 
extensive preparatdry rilechariisriis, wide- 
spread applicatidri df cdst-beriefit arialysis, 
systematic delegation of managemerit fe- 
sponsibilitjes and provision of stable, Idrig- 
terrn^udgets) will be difficult in the current 
system: A|l this ^oes not imply the need for 
massive reforms through the extensive 
reorganization of existing agencies, nor the 
creation-of-new-fodtes- lalo n g ^t he li nes, for 
example, of the proposed Institute for Sci- 
entific and Technological Gooperation), but a 
clearer delineation of the responsibilities for 
cooperative policy formulation and imple- 
mentatibn within the OSTP/Departrnent of 
State/Natibnal Science Foundation frame- 
wbrk is needed. 

The secdrid set of issues refers to the 
rtlariagerrierit df big scierice projects them- 
selves. Here, the rriajdr jDrdblerri iri the past 
and the mdst sigriificarit barrier td the success 
of megaprojects iri a resdUrce-cdristrairied 
future appears to be the inability td establish 
and maintain satisfactory mechanisms td 
[nvo[ve nonuniveiBity elements of the private 
sector^Gne of the most attractive aspects of 
an international division of labor in science 
policy is the potential for tapping more 
systematically the capabilities of industrial 
firms at home and abroad. To date it has 
been difficult to link corporate resources to 
collaborative projects in ways that are in the 
national interest.^^ Especially troublesorne 
is the tensibn between cbbperatjon and 
cbriipetitiori in the intematibnal marketplace, 
arid the resultirig dariger bf a rise in prb: 
tectidriisrri arribrig the Westerri iridustrial 
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states. Resolving iliis issue will require corning 
to grips with the verv different scientific 
priorities of private firms (the emphasis on 
more applied activities, for example), as we|l 
as recognizing the significant disparities in 
decisionmaking styles and mechanisms 
among multinational corporations and 
smaller companies: 

Choice of Fuhdihg Arrahgethehts 

Underlying many of the institutionaj and 
managerial problems encountered in m^a^ 
projects is the issue of fanding^For some 
time, American cooperajive pro^grams have 
been dominated by the problem of securing 
stable financing in an era of budgetary conflict. 
Each of the most common methods of 
financing U;S. collaborative efforts (direct 
payment by each side of its own costs, each 
side paying for all in-country expenses, 
payment by the country that benefits, etc.) 
has advantages, but each also poses barriers 
to cooperation. Most significantly, these 
rnethods reduce fle>ability, induce relatively 
short-term outlooks, and expose ihterriatibnal 
programs to budget cuts because of difficulties 
in specifying benefits. As a cdriseqUence, 
.several reforms have been suggested. These 
include the creation of an interagency fund 
for international cooperation in science and 
technology, the establishment of a special 
fundi to promote certain cooperative efforts, 
and the creation of a separate[y^ funded 
organization for scientific and technological 
cooperation.'^ Each of the^e proposals tries 
to reduce the vulnerability of cooperative 
projects by making it easier to demonstrate 
the relative merits and liabilities of such 
activities and by stressing the strategic sig- 
nificance of collaborative ventures. 

Budgetary reform also. would contribute 
to the resolution of many of the organizational 
and managerial issues outlined above. Any 
rationalization of the planning process in 
the national science policy institutions is to 
some extent a function of irTiprdverrients in 
the ability to assess costs arid beriefits of 
cbbperatibri, and, as rioted, this is difficult 
tb db in the existirig firiaricial management 
system. 

Policy Options 

International cbbperatibn iri big scierice has 
rribved up the hierarchy of priorities on the 

lb 



nationai policy agenda, as the benefits and 
opportunities created by collaboration are 
contrasted with the economic realities of 
attempting to pursue unilateral projects. As 
a representative of the U.S. Departrrient of 
State has put it: 

Irideed, the adv^ritages appear to be com- 
pellirig eriough to suggest that cooperative 
approaches should not be regarded as 
exceptiorial; rather, their potential and 
promise should be routinely considered 
as research plans are formulated.^^ 

Yet, the attractiveness of international col- 
laboration has not prompted a rush tbward 
the ma?drnizati6n of the potential ben efits 
of joint scientific ventures. It appears as if 
we continue to view the prbrnise of coop- 
erative projects as exceptibrial rather thari 
routine. In this enyirbrirrierit, bpporturiities 
will be missed until arid uriless policy uricer- 
tainties, such as those outliried above,„are— 
addressed. At least three policy options may 
hbid sbrrie promise for helping to resolve 
these Uricertairities for future cooperation 
iri big scierice. 

Data Base Pefihihg the Ihternatibtk/tl 
Division of Labor 

Before we are fully able to operationalize 
ari iritematiorial division of labor decision 
framework we must know what it looks like^ 
A major requisite for future advancements 
in megaprojects, therefore, appears to be 
the generation and compilation of informa- 
tion regarding the range of scientific capa- 
bilities in place or likely to be developed in 
the worlds and more importantly, the various 
priorities likely to be attached to these 
capabilities by the diverse nation st.*>tes. We 
limply need much more cbrriprehensive data 
about scientific institutibns, person riel, re- 
sourceSj and needs in the OECD states, 
Cornrnunist countries, and the riatidris of 
the Third World. And, as discussed earlier, 
we urgently require systematic irifdrmatidri 
bri the ways various cdUritries are likely to 
rarik these capabilities in the short-, mid-, 
arid Idrig-tenti future. Only if the United 
States has available this kind of compre- 
hensive data bank can the international divi- 
sion of labor in big science move beyond rhet- 
oric to an operational decision framework; 
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Of course, much of this ihfdrmatibri already 
exists, but it has hot been cdilected and 
complied in such a way as to permit antici- 
patory choice: Our data regarding capabilities 
and priorities is so limited and fragmented 
thai we have been forced to operate in a 
reactive, ad hoc manner: We need a master 
roster of al! potential partners, including those 
who for various reasons are today considered 
^'beyond the pale" (for example, Cuba, North 
Korea, or Vietnam),^ that |ists estimates of 
current and projected expenditures on a 
range of scientific priorities, and identifies 
overlaps and gaps vnth our own situation: 

It is essential that this data base go beyond 
a characterization of national governmental 
capabilities to include what is known about 
the use of labbratbries, research institutes, 
and other rriechariisrris for carrying but re- 
search overseas. We have learned that the 
OECD experience in these ar(3as bffers sbrrie 
helpful suggestions for bur own case,^^ arid 
gu rsor e com prehe nsive Uride j:staDdiiiq--Q^ 



Agencies such the Natlbna! Science 
Fburidatibri, as well as universities arid 
ribngbverrirrierital professional scientific 
brgariizatibris, will each have unique and 
irripbrtarit cbritributibris to make toward 
the si'rcess bf cob^erative internatibrial 
scientific activities. The National Science 
Fbundatibri, by virtue of its fundamental 
arid broad-based scientific prbgram, 
should take the initiative, in cobperatibri 
with the bepartrilerit bf State arid bther 
agencies as apprbpiriate, to bririg together 
potential international partriers to accbrri- 
plish the necessarv plannirig and irilple- 
nnentation for international sharing or 
coljajxn-ation in ftindamental science and 
engineering research.^^ 

And the Board had the following to say 
about putting this recommendation into 
operation: 

The nature of science requires that its 
international dimension be considered an 



global patterns could expand bur bptibris 
dramatically. Similarly, no attempt to define 
the international division of labor in science 
will be complete unless better data is made 
available on the resources and expertise 
currently in existence and likely to be mobi- 
lized by the private firms operating abroad. 



Coordination of U.S. Coopemtive 
Programs 

A move toward some greater coordination 
of U.S. cooperative programs is implied in 
the need for a data Base defining the inter- 
national division of labor in science: Improved 
informatlori on potential areas of cooperation 
and possible partners in megaprojects will 
be useful only to the degree that there is a 
mbre cbhererit s^em for building consensus 
arid making choices at the national level. At 
the sarrie tirrie, it rnust be recognized that 
each bf the rriajbr Federal science policy 
brganizatibris has a strbrig sense of its ml^lbri 
and that previous atterripts tb improve 
cbbrdiriatidri have beeri of lirriited success. 
The National Science Bbard has recbg- 
nized the need for far more active Federal 
coordinating mechanisrhs. In its '^Staterinent 
on Science in the Internatibrial Setting;* at 
its September 1982 meeting, the Board 
argued that: 



brganic aspect of the scientific enterprise: 
This dirnensibn must be activefy provided 
fbr iri all Foundation prograrns, frorn 
educatibn arid fellowships to the various 
discipliriary efforts in the natural sciences, 
sbcial scierices, arid engineering. Planning 
fbr riew facilities and the setting of priori- 
ties fbr rilajbr scieritific irivestigatibns and 
programs should be carried but with the 
full recbgriitibn bf the pribrities bf other 
countries and in an erivirbrirrierit which 
encourages complementarity br plariried 
supplementation, cost sharing, arid 
coherence of the various efforts of cbbp- 
eratmg countries. National Science 
Foundation organization and manage- 
ment procedures should reflect these 
principles."*' 

Most of our potential partners [n big science 
endeavors already have rnoved beyond this 
modest effort to centralize national policy 
for international science, and at least some 
reforms along this line appear to be a requisite 
for this country to be able to take meaningful 
actibri wheri the benefits of cooperation 
rriariifest therriselves. 

tinejtem jn Each^gency Budget for 
Inteniattonal Scieii^ ~" 

Calls fbr iricbrjDbratirig jriterriatibrial cobp- 
erative programs iritb the iriterrial bureaucratic 
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dedsiorirriakirig jDi-^^ in an "organic" way 
will remain just talk Until we are more explicit 
about the fijnclirig levels for these activities 
ambrig all Federal agencies. Because political 
p. wer ultimately is linked to the budgetary 
process, establishing international science 
as a separate line item would have the 
advantages of defining the fiscal dimensions 
of our internationai cooperative commit- 
ments, developing a more refined calculus 
of the savings and benefits to dbrnestic 
programs of our international activities, and 
removing intemational cooperative initiatives 
from their second-class status and thereby 
reducing their vulnerability to budget cuts 
in the future."*^ Science policy cannot help 
but be improved If we remove the current 
uncertainty about the funding levels of 
international cooperative prdgrarris as a 
whole, and the funding corhrhitments of 
specific agencies.'^^ We simply rriUst base 
our decisions oh rhbre cbhererit Understand- 
irig of the amburits^i- 



prative ventures arid the rationales underlying 
these expenditures. Otherwise, attempts to 
develbp systenlatic preparatory mechanisms, 
iricluding the more widespread use of cost- 
benefit analyses, and the expansiOT of our 
capabilities to evaluate cooperative projects 
on a comparative basjs vA;ii] continue to be 
based as much on faith as on empirical 
evidence of the success or failure of joint 
scientific endeavors: 
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Trends in Gdllective Industrial R esearch 



Abstract 



to prdmdte scientific research are based on a 
number of objectives and take a variety of forms. These forms include trade associations that 
sponsor research to strengthen a particular industry, groups of firms that work together 
within the structure of a Federal agency, and cdnsortia invdivirig severail firms within a 
particular industry arid on e^or more universities. W dider types df cdllective industrial 
research were motivated_almost exclusively by factors internal td an industry, recent collective 
actions have also been stimulated by concerns about international cdmpetitiveriess, productivity, 
and the need for trained manpower: The structural and financial arrangements df the rridre 
recently established research consortia also suggest that they are becoming an impdrtarit 
component of the national technical effort: Although jheir total expenditures are small 
relative to total industrial R&D funding, a substantial portion is earmarked for basic re- 
search in universities. 

Several issues associated with collective iridustrial research are considered in this paper: 

• Will such activity be a significant replacement for Federal R&D support? 

• In addition to research, vA/ill these efforts address the projected shortage df technical 
manpdwer trained to work in selected fields? 

• Will such activity set the direction for national R&D efforts in the fields affected? 

• What is the relatidriship of collective efforts to international competitiveness? 

• Can this activity prdvide a significant increase in university support with regard to 
research, training, dr eqUiprrieht? 

• In cases where universities are directly involved, what are the Implications for university/ 
Industry institutional ties? 

• What are the main concerns related td patents, licensing, royalty Income, and anti- 
trust regulations? 



Introduction 



The rapid growth of U.S, research and 
develdprrieht since the 1940s has occurred 
primarily aldrig two separate, though related, 
streams. One is that df federally supported 
programs devdted td brdad riatidrial dhfjec- 
tives, including sUppdrt df the Underlying 
basic science and engineering structure. The 
second consists of the sum of those research 
and development activities conducted by 
mdivjdual corporations, constituting the 
nationahndustrial r^earch effort. Thus, while 
Government programs have reflected the 
R&D needsj)f society as a whole, almost all 
of the industrial effort relates to the resources 
and objectives of individual corporations: 

Almost all, but not entirely. In addition to 
the individual efforts each corporation under- 
takes to pursue specific interests and goals, 
there are numerous examples where two or 
rribre companies, usually in the same indus- 
try, have established a working relationship 



in support oj a technical activity without 
any formal link to subsequent commercial 
exploitation: This type of collaboration 
involving several companies which form an 
association to engage in a technical research 
or training effort is commonly referred to as 
collective industrial research. 

Collective actions are based on a nurnber 
of objectives and have taken a variety of 
fbrrris. The most obvious category of such a 
relationship is the trade association, some 
of which sponsor research In various Insti- 
tUtidns to strengthen a particular Industry. 
There are exarriples of groups of cbmpariies 
working td^ether within the sariitizirig struc- 
ture df a Gdverrirrierit agency, These include 
the early stages df the National Advisory 
Committee dn AerdnaUtics, dr NACA, the 
predecessor of NASA, and industry spdrisbr- 
ship of visiting scientists at the Natidnail 
Bureau of Standards. Another categdry of 
cooperation is a mechanism for interactidri 
between a group of companies in a particular 
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industry and bhis or more universities. The 
recently established Serriicbriductbr Research 
Cooperative, a research affiliate of the 
Serriicbriductbr Iridijstry Association, illus- 
trates this tyjDe bf cbbperatidn. And there 
are others. 

What then is new? And what aspects of 
cbllective industry research are of particular 
interest and importance today? Conventional 
wisdom suggests that the structural and 
financial arrangements of these associations 
may well imply that they are Becoming an 
important component of our national tech- 
nical network: - 

What appears to be happening from a 
survey of groups is that the focusp^' quality 
of these programs, their operational charac- 
teristics, and the amount of_ funding tb 
support such activities are, in fact, likely tb 
have a considerable impact on the cpuritrys 
technical base. For example, in 1983, four 
groups alone (Electric Pbwer Research In- 
stitute. Gas Research Institute, Council for 
Chemical Research, arid the Serriicdnductor 
Research Cpbperative) will devote approxi- 
mately $400 millibri tb these programs. 
Although this will cbiistitute only about 1 
percerit bf all industrial R&D funding, a 
substantial portion will be eamnarked for basic 
research arid riiUch will go to universiiies. 
This reflects a considerable allocation of 
industry funds to these areas and suggests 
irriplicatibns for new uniyersijy/industry 
institutional ties in research and training. 

Other considerations that have stimulated 
recent efforts in collective action by industry 
are concerns about international competi- 
tiveness, productivity, and trained manpower. 
The contribution of these cooperative prb- 
grams to strengthening the base bf a majbr 
industry and, relatedly, the base of a technical 
area or discipline is thus a factor to evaluate, 
in brief, these activities may affect the directibri 
and: in part, the nature of techriical activi- 
ties conducted within iridUstry arid within 
the university. 

Given the level and pUrpbses bf collective 
industrial research, there are a number of 
issues for consideratibri: 

• Will such activity be a significant replace- 
ment fbr Federal R&D support? 

• In additibri to research, will these efforts 
address the projected shortage of 



technical mani5ower trained to work iri 
selected fields? 

• Will such activity set the directibri fbr 
national R&D efforts iri the fields 
affected? 

• What Is the relatibriship bf cbllective 
efforts to international cpmpetitiveriess? 

• Can this activity prbvide a sigriificarit 
increase iri University sUppbrt with re- 
gard to research, trairiirig, br eqUiprftent? 

• In cases where Uriiversities are directly 
involved, what are the implications for 
university/iridUstry institutional ties? 

• What are the niairi concerns related to 
paterits, licensing, royalty income, and 
arititrUst regulations? 

These issues are receiving increased atten- 
tibri as a result of broad national concem for 
nurturing technical leadership and economic 
vitality. The purpose of this paper is not to 
offer a comprehensive treatment of the sub- 
ject. Rather, it is intended to provide an 
overview of the scope of activities and to indi- 
cate areas requiring more detailed research. 

Scope of Collective Industrial 
Research 

This section reviews the characteristics arid 
objectives of several types bf cbllective 
industry a_ssociatibns arid their principal 
activities. The bverview bf brigiris arid goals 
of each industry group reflects industry- 
specific features sUch as the competitive 
structure bf the industry, degree of regulation, 
capital reqUireriierits, manpower needs, and 
relevarit arititrUst restrictions. ^oweverAhe 
uriderlyirig objective of all gJ*oa^ps js to 
accelerate the pace of technical ^hange by 
either conducting research jn targeted areas 
arid/or increasing the number of trained 
people required. Clearly, whether the em- 
phasis rests primarily on research or train- 
ing, there is a reinforcing effect of one on 
the other. 

Within the past decade, and noticeably 
within the past few years, there have been 
new forms of collective industry R&D activities 
established industry sectors not previously 
involved and, in some respects, for riew 
objectives. One important characteristic bf 
these newer structures is the magriitUde bf 
effort, far above the typical earlier develbp- 
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rtients. As meritipried earlier, four of the 
organized activities— the Electric Power 
Research Institute, the Gas Research Institute, 
the Semlcdnductdr Research Cooperative, 
and the Council for Chemical Research^will 
spend an aggregate total of over $4CX) millibri 
in 1983: 

Thus^ in our preliminary survey, we have 
categorized the collective industry associations 
within^two groups: (aj recent developments — 
organizations estabiished within the last 
decade and (bj older institutions — organiza- 
tions established more than 25 yeans ago. 

Recent Developments 

Exarnples of recently established organiza- 
tions are the Council for Chemical Research 
(CCR), the Semicbnductbr Research Coop- 
erative (SRC), the Electric Power Research 
Institute (EPRI), arid the Gas Research 
Institute (GRI) (see Table 1). 

Several characteristics of the Semicbn- 
ductdr Research Cbbperative and the 
Council for Chemical Research are bf fjar- 
ticular interest: 

(ij Both are very recent develbpriierits, 
stimulated in large part by concerns for inade- 
quate basic research in each field arid by a 
concerted attempt among major compariies 
in each industry to respond effectively to 
both near-term and projected pressures of 
intemational competition in high technology. 

(2) Both have related goals addre^ing the 
need for trained manpower in each field: 

(3) Both represent industries which are 
nonregulated and are highly competitive: 

{4) The arrangements for collective action 
with the focus on basic research and open 
membership are designed to avoid compli- 
catibns_with antitrust regulations. 

(5) The amount of funding for each coop- 
erative is significant. Actions of CCR may 
result in a bne-third increase in industrial 
suppbrt fbr academic basic research in 
cherriistry arid chemical engineering, and 
SRC rriay becbriie *'the lai^est single cbnduit 
for industrial suppbrt .bfuriiversity research."* 

Cbllective action withiri the eriergy in- 
dustry reflects a different set bf characteris- 
tics, in large part influenced by the rble bf 
energy in the ecbnoniy, the adverse irrijDacts 
of OPEC, and the effects bf cutbacks in 
federal funding. 



The Electric Power Research Institute and 
the Gas Research Institute thus represent 
several special features bf the energy indusfiy: 

( 1 ) The requirerrierits for capiital and tech- 
riical resbijrces for eriergy research, devel- 
bprrierit, arid derribristratibri are enorrnous 
arid iri mariy cases present an bverwhelrnlrig 
burderi fbr ariy brie brganizatibn. These 
characteristics, comrribri tb both the electric 
and gas industries, are reflected in the large 
riiembefship of electric arid gas utilities in 
these organizations tb pool needed resburces, 
and in a substantial level bf R&D furidirig. 

(2) Due to the regulation of fates fbr^as 
and electricity use through public utility 
commissions, the energy industry does riot 
have the same competitive structure as such 
other industries as' semiconductors of 
chemicals: Activity can thus be focused on 
the development end of the R&D spectrum 
without extreme concern for infringements 
of antitrust regulations: 

(3) The pressure to work in development 
and demonstration is reinforced by two 
fectors: OPEC and Federal funding cutbacks. 
The prbnbunced emphasis of both GRI and 
EPRI bri energy generation and efFiciency 
is an apparerit response to the decade- 
Ibrig sijpply vulnerability and priclngpoljcies 
preserited by OPEC. The effects of Federal 
cutbacks are also evident in the_prbgram 
stfUctufe of both brgariizations. EPRI has 
increased its suppbrt fbr near-term devel- 
opment and deriibnstratibri projects frorri 
50 percent to 70 percerit; GRI is revisirig its 
research program to accbrrirribdate a 22 
percent reduction in Federal funds fbr its 
coordinated funding activity. 

Older Ihstitutibhs 

Several older institutions and trade associa- 
tions have also engaged in collective industrial 
research. The magnitude of these efforts, 
however, in terms of rnembership and 
amount of funding are modest in comparison 
to the newer organizations. They appear to 
have addressed the specific needs of a 
particular industry in a specialized area of 
research and/or training, and the level of 
effort bver time is apparently still satisfactory 
tb the participating members.. Table 2 pro- 
vides an overview bf two of these older 
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Table 1 

Recently Established Organizations for the Condoct of 
Collective Industriai i^esearcli 



INDUSTRY ASSOCIATION 


COUNCILFORCHEMICALRESEARCH|anonpfolitorganizalion| 


SEMICONDPCTOR RESEARCH COOPERATIVE |a nonprofit research alllliale of the 
Semiconductorlndustry Association! 


GOAL 


To boost Industrial llnancial support for basic re^eari;h on cp^y^incbanilstry and 
PWcal en3ineerin^.ancl to ensure high quality advanced education in the ctis^'cal 
sciences and engineering. _ 


lo.ntaiiitain D.S,J.eadership In semicohaoctors.afid compulers through a25-50..pei'^ 
cent, increase in.pure research arid ID add signlficantljf id (he supply arid quality of 
degreed professionals/" 


YEAR OF ESTABLISHMENT 


1979. 


1981. 


MEMBERSHIP 


Over 120 universities and 35 companies representing the major chemical and P^^^o- 
chemicalindustries|flguresasol4/1/62|. 


Merc.hantierpicpnd_uctoLcompajiie^0f^^ Iteir major an^j leading osers, (€.;.g,i.com* 
pyteLcojiipanieSj initrume_nt companies!. SRC is an 
afliliateoftheSeiniconductorlndustry Association |SOcompanies|. 


SOURCES OF FUNDING 


Membership dues and voluntary participation in OCR's Chemical Science and Engi- 
neering Fund (CSEFj designed to Increase industry's support ol OCR's miiversity 
!l^^'^'^?f.s^i3S_e|o^_a formula reflectin^^ ol domestically employed ch^^ists 
and chemical engineers at each company. 


Membership du6s and funds contributed by members Ihrou^h a formula based on 
total semiconductor sales or value of semiconductors incorporated in products. 


LEVEL OF FUNDING 


Pledges ol addilional support to universities as of April 1962 equaled $3,6 milli^^n. 


Programs to begin in 1982, Fundlnfl for 1982-1983 estimated at $10 million and lor 
1963.1964 at $15 million. Could reach 540-50 million per year by 1986, 


FUNDING MECHANISM 


Companies participating in CSEF pledge their increase to the COR but actually dis- 
tribute the funds directly to the university of their choice, There is also a centrB' fund 
that receives monies from Industry based on a 25 perceni commitment of the CSEF 
pledge. This Central Fund Is then distributed to CCR university departments based on 
a Ibrriiula reflectirig Ph,D, students graduated. 


Funds distributed by SRC. To be concentrated in major generic areas and institutions 
rather than spread out over heterogeneous subjects and universities. 



MODE OF OPERATING 



CCR sei'vesas a mechanisiii to prdinbte and facilitate one-to-one Interaction be'^^eeii 
industry and universily members. There Is no peer review, no proposal process, and ■ 
details ol work are handled solely by partners. 



RESEARCH EMPHASIS Basic research in chemistry and chemical ehglheei'ihg; 



TRAINING ASPECTS 



EQUIPMENT 



lnteracJions.lQ increase.research are designed id enhance training; CCR rnaintains 
current demand and supply data on chefnisliandJiiemici 



Members of SRC will outline program" areas and solicit universities ior competence in 
, oach area. Universities will submit proposals to be reviewed by a technology staff 
responsible tor tectinical strategy and planning, initiation of contracts, and evaluation 
-of project results. Work will iHus be performed by iihiversitles. 

Areas too basic or Ibb IbhJ^ierni for individual industry RSD programs. Possible 
specilic areas: new techniques for imprinting circuits on silicon wafers, allernative 
-seroiconduclor m a ter ial s , a n d cdmputer-aidedci^cuUesign, 

Overall explicit pi to inci'ease quality and supply of professional personnel. 



Determined by individual partner relationships. 



INVOLVEMENT OF A 
FEDERAL AGENCY 



Designed to upgrade Jiecessary equipment and to share skills of personnel Irained lb 
operate equipment. Ttie.extent of this cbmniilfnent i$ fellecled in the proposal for 
equtprtiefit tQ j^eceJve twJce as much (urids as research;. The . cost of equipmeiH in. 
Creases at ail exp.one(itiaL[aie with a J-yfiaf.life cycle;.which.threaterjsthe ability of 
aiinivfirsilyJaiemain at the irontier of i f i eld for an exta 



No. 



No. 



OTHER ACTIVITIES 



COMMENTS 



Improved communication links for both inlojmaJion and exchange ol scientific Per- 
sonnel between industrial and university laboratories, 

CCR.has potential of increasing the ^ of industry support for uni^^^sity 
research from 7 percent to 10 percent. 



iLfi open. membership pi .t^^^ of Japanese 

M^.mi be .eligMe t? MnLRepresentativeiOlj^^ ho.wev.eri hav.e indicated 

^(ia!..tl)eS.RCM.6Stabli^^^ ofre.qyi/ing 

re_ciprocaimember$hip in count_erpart grpi^^^ 

apply to presertjTiembers of the SRC.sych as FairchiW 

'^y.Schjyniberger. and S^^^^^ pTOi b7N,y,ihilipspl_the Netheriiinds as welhas 

Potential members representing Japanese*ov;ned companies. 

' BOtf:in, j;. Dimancescu, D., ahiStata, Ray. Gib6sl SSItes: [/le F\!^k H/g/i Tecft- 
odiojy in MM Cambridge; Ballinger Publishing Company, 1982, p. 94. ^ 



INDUSTRY ASSOCIATION ECECTRIC POWER RESEARCH INSTITUTE [a ribhprdfit riaitbhai research and deveU GAS RESEARCH INSTITUTE ja nonprofit naiionai research program for natural gas 

opf hentprogra taj _ supply arid uiilizalibrij 



GOAL 


"To advance capa&ilitias in electric power geherntibh, delivery, arid use, with special 
regard for saletyi-efficiency; "rellaBllity; economy; arid erivirbrirfieriial cbrisideratibris." 

lAnnuSlfiShnrt n 11 

[r\/ii9uut ruy^iji i fgOii^i — L-l . -- 


To increase supply options fqr^ natural gas, Impr efficiency for utilization, enhance 
service, arid continue fundamental research. 


YEAR OF ESTABLISHMENT 


1972. 


197B. 


MEMBERSHIP 


Voluntary membership xonsisls ol over 600 investor. owneQ, municipal, co opera live, 
and. FederaJ -Utilities. Membership reprasonts 70 percent of the electricity supplied 


200 i:bmpariies iri'cludirig triterstat'e piipelines, distribution corTipahies. and publicly 
bwried rriuriicipal utilities, 


SOURCES OF FUNDING 


Membership, dues.based.on ea.ch_membef's.annijal sale of electricity, Aggregale pay- 
ments to EPRI in 1981 were just below $?6D million. 


Gas rate-payer. Suppbrt is calculated bri gas volumes sold by interstate pipeline 
members and j^-irilersfate^ales of member cbmpanies. 


LEVEL OF FUNDING 


S215 million for contract research in 1981; S40 million lor in-house work and pro- 
gram management. 


$68:5 rrilllion devoted to R5D: 


FUKlbiNG MECHANISM 


EPRI's Research Advisory Committee o( utility executives and technical stall guides the 
program priorities and funding allocations. 


GRl itself conducts no research. It estaBHshes research pribrities arid program goals 
and t)ien contracts work to universities, energy cbmpanies. prbfessibrial service firrris. 


MODE OF OPERATING 


P^^^'L^d strategic pi ann ing process Is uadertaken.each year to revLe_w reauirernents 
and developments of the utility industry. Some work is conducted in-house but most is 
conducted through contracts let to utilities, manufacturers, national laboratories, and 
universities. 


GRI.is regulated by the Federal. Energy. Regulatory Comnlissiori (FERC| thrbugh a 
LoxmaLapfjIication proceeding whereby GRl subniits-ai-year plan of research arid 
prQpo_sed__rate. $urj:hages.£8ch year for. approval. F£RC thus authorizes Both rales 
an_d .program plans; alter this process. State public utility coinmissions also authorize 
the rates. 


RESEARCH EMPHASIS 


Nearly 70 percent of EPRI's funding is devoted to these near-term program areas 

linitial DSVOlf is nntirinntSd within If) VPnrsI uuilh IhahalanrP allnraloH holuioon mlH 
|iiiiiiui yay\jii la aiiuoifjaivu wiiiiiii iw ycaiaj, Willi ino Wdlcilll/C dllULdlcU UCIWccn mtu 

term 1 10-25 years: 27 percerit) and long-term projects (over 25 years: 3 percent]. 


Areas and percent of 1981 R&D bud^ei.ai furuJajnental research, 5.6 percent: b] en- 
hanced service, 8.6 percent; c| efficient utilization. 39.6 percent; dj supply options, 
46.2 percent. _ _ _ 


TRAINING ASPECTS 


Nbl ari explicit goal of EPRI. 


N.P.l 3n explicit goal o.f .G.R|...but f.un.d.sjo_unJversjt[eA aUow_graduate3lu pursjue 
advanced degrees while performing gas-related research. 1980: 9 advanced degrees. 


EODIPMFNT 


Furids specialized equipmerit needed to pe rib rm work. 


Funded as needed in contract research. 


INVOCVEMENT QF A 
FEDERAL AGENCl 


Cbrigresslbnal stimulatlori to establish EPRI iri 1972. EPRI receives DbpartmenI of 


Federal Energy Regulatory Commission grants approval for rates and program plans. 


OTHER ACTIVITIES 


Inforriiatlon disseminajiijil. workshops, serriiriars. 


Iriformation dissemination, seminars, workshops. 


COMMENTS 


Federal cutbacks have resulted iri shift iri EPRI s prbgram siruciure to reflect greater 
emphasis on near commercial scale derrjdhstratibri prbjecis. 


Primary emphasis on elficieni utilization and supply opiions; least emphasis is on 
basic research. 6i total R&D budget, approximaieiy S2 miliion went to universities 
with S3.2 million earmarked for 1982. 



Coordinated, funding program jrt/hicb.ificluded Federal fuflds is being reduced to S75 
million in 1982 from S96 million in 1981 as a result of cutbacks. 
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INDUSTRY ASSOCIATION 
GOAL ~ 

YEAR OPjSTABUSHMENJ 
MEMBERSHIP 
SOURCES OF FUNDING 

Level diplWdii^S 



FUNDING MECHANISM 



MODE OF OPERATING 



RESEARCH EMPHASIS 



TRAINING ASPECTS 



EQUIPMENT 

INVOLVEMENT OFa" 
FEDERAL AGENCY 



OTHER ACTIVITIES 
COMMENTS 



Table_2_ 

Older Institutions for the Conduct of Collective industrial Research 



UySTiTUJJE_OF_PAPER CHEMISTRY linaepenaenc privately supporlea eaucatiohat 
and research institution I . 

Tjp. address .smcjajLzed needs ol me paper industry for professional talent trained In 
the field of paper chemistry. 



1929. 



TEXTILE RESEARCH INSTITUTE (inaepenaent: eaucational aha reseai'chorgahlzaiionj 



To broaden the technology base of lUe lexWIe Iriausli-y with an emphasis on principles, 
mechanisms, ana unasi'standing rather than aevelopnient of specific pi^baUcts and 

pfocesses^. 



1930. 



Majority of U.S. producers of pulp, paper, and paperboard. 
1] annual fees from member cqmpanies; 2^ 

on a nonprofit basis; 3| scholarship and fellowship gifts; and 4| miscellaneous sources. 



60 corporate participants in the textlle_and related induslriai 



Annual budget: approximately S7 million per year. 



Olfers fellowships in scientific and technical areas related to paper processing and 
production. 



PartLcipanaeeSu general uoceslricted_support_and grants, indusiry-suppdried research; 
Government-supported research, and publications. 

Budget for 1981: S1.3 million. 

Allocates funds internally for different program areas. 



' Affiliated wit h La wren ce College in Wiscqn sin, and tjie 1 nstitute is chartered M pst work conducted in-hpy_se with traMng.cpnjJujsted jn j:o||a bojaJion_wi^ 
as a graduate school although Lawrence College grants either an M.S. or Ph.D. degree, University, Has 5 areas of activities: research^ educa^^^^^^^ servicesjpr corpoia_tejnem_- 

bers, a monthly jou.nal— Tfte Textile Research Journal, and a technical information 



Major eniphasJs of IPC: About 90 percei^t bf^lPC's graduates are employed in the paper 
iriaustry with the highest concen 11*311 on in RSD areus, 



Funds equipment as needed. 



No. 



TheJPCj>rovjdes__anjnfoj'nrTflJLQn.servjce.JtsJib/.ary is cea as the worlds largest 
collection of scientific and technical literature related to the pulp and paper lnduatr^_ 

Stimy lus f or.establjsh meni _r5ll5_cts_lacl( of_ conGeotcalion Jn _gn[v£rsity_ ciirricu la. .on 
paper chemistry, CurrenUy. apjjroxm complete the Master's program 

and 10 to 12 pursue studies toward the Ph.D. 



center. 



Research is under way in both rundafnenlai and applied areas of interesi to the paper 
industry, ranging in subjects from forestry to waste treatment. 



S.ssic Research of ind ust rial re ley ance in t he. .P.hysjcal and engi neering sciences of 
pojymer, fit)er^ and textjie systems. There are five principal areas of current research; 
fiber structure, physicaj properties of fibers, dyeing and finishing, fiber assembly 
behavior, and textiles in pollution control. 



TRI has a long-established link with Princeton's Department of Chemical Engineering 
to orient scjent[sts and engineers io fiber and textile science and tecfino[ogy^ The 
program involves both students and facuity at Princeton, and tRi fellowships are 
awarded for thesis research on textile-related subjects. In 1981. there were 5 Prince- 
ton TRI Research Fellows and 2 undergraduale students. Feliowships accounled for 
about $9Q,0Q 0 bl the SI. 3 million budget of operating expenses for TRI. 

As needed. 



TRI-has i'eceived research grants from the En virdri mental Prdtectldri Agency and the 
N a t i on al Sci eric e-Fdundatibii. - -- - 

fi tecbhical infdrmatidii center, i'esearch services for rtiembers. and a mbrithly jdurrial— 
TUB Textile flasearcH dournal _ _ . 
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institutions— the Institute of Paper Chemistiy 
(IPej, whose main focus is on educatiori, 
and the^Textile Research Institute (TF?i), 
whose main focus is on research. 

Trade assodatjons have also been active 
to varying degrees in research: As defined 
by the American Society of Association 
Executives, a trade association is a '*non- 
prbfit organization of Business competitors 
in a single industry, formed to render a 
number of mutual aid services in expand- 
ing that industry's production, sales, and 
emplbyrrient." 

Trade associations have prirnarily pursued 
a span of activities including disserniriatlbn 
of infbrrriatiori to rrierribers on such issues 
as Gdverrirrierit policies and industiywide 
position staterrierits, spbrisbrship of cbri- 
ventions and courses, arid lobbying of rherh^ 
bers of Cdrigress bri issues of particular 
interest to the industry. However, the technical 
unit of a trade assdciatidn dfteri cdrhpiles 
and distributes statistical data of interest to 
the Iridustry and may conduct or sponsor 
research^Most often the research of a trade 
association re[ates to testing and standardi- 
zation of products and processes. Testing 
facilities can be shared and some are located 
on university campuses. 
_ Concentrated technical research, as distinct 
from activities related to testing and stand- 
ardization, has not been pursued extensively 
by trade organizations. The Motor Vehicle 
Manufacturers Association, the American 
Petrbleurri Institute, and thi American Gas 
Assdciatibri are exceptions. There are several 
bther examples bf sblid research sponsorship 
by trade assbciatibns, but ribt bf the rna§- 
hitude evidericed by EPRI or even SRC. 
Thus\ the metals iridustry supports research 
through INCRA (Iriterriatibrial Copper Re- 
search Association) arid ILZRO (Iriterriatibrial 
Lead and Zinc Research Orgariizatibri). Other 
industries use collective cbritributioris similarly, 
largely for suppbrt of modest grants to 
Individual university researchers. There are 
a very few instances where the industry 
conducts collective research in its own 
faciliSes: These include the Portland Cement 
AssociaSon^and the Textile Research Ir^stitute: 
Such efforts appear to be far more eJ^ensive 
in Europe. 



Alternate Fditns of Cooperative 
Research 

Research Associates. Iridustries cbriduct 
research thrbligh several bther cbbperative 
mechanisms. One is the Iridiistrial Research 
Associate Program established iri 1921 at 
the National Bureau of Standards (NBS) jri 
which scientists and engineers from iridustry 
can come to NBS to work with NBS staff. 
The Bureau does not develop programs or 
pursue areas specificaily to rneet the needs 
of industry. However, there are often pro- 
grams ongoing at NBS that relate directly 
to the interests of industry and thus are of 
mutual benefit. 

Each year approximately IGG research 
associates, from industry participate in the 
program for an average stay of 1 to 2 years. 
They are selected by the organizations with 
which they are affiliate^ and the selections 
are reviewed by NBS. The twb basic condi- 
tibris bf the prbgrairri are that iridustry pays 
all salary, travel, airid related expenses of an 
associate arid that aill wbrk dbrie at NBS is 
iri the public dbrnairi. 

Research associates at the Bureau cbrrie 
from both private industrial firiris (e.g.. Bell 
tabs. Control Data, Exxon Research arid 
Engineering, Lockheed) and trade associ- 
ations (e.g:. The Aluminum Associatibn, 
American Dental Association, Society for 
the Plastics Industry)^ The ovetcill research 
focus of the Bureau is to generate measure- 
ment techniques, calibrations, and statistical 
data and to conduct testing: 

Currently, there is an effort to double the 
size of the programs over the next 5 years, 
particularly in tlie areas of materials proc- 
essing, automatibn, electronics, and chemical 
engineering. This can be significant because, 
as_a result bf reduced Federal support for 
NBS, such an expansion will optimize the 
yse bf the research facilities and augment 
NBS staff resburces iri several key areas. 

Missioh-brieiited Institutes. As aribther 
form of cooperative research, several rriissibri- 
oriented institutes have been established tb 
pursue some area bf key research tb a 
particular iridustry. The Massachusetts Iri- 
stltute of Technology (MIT)-Iridustry 
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Pdiyrner Processing Program is an example; 
In contrast to the basic polymer industry; 
which is research intensive, the polym^jr 
processing indastrp has not engaged in 
extensive research; This area has also not 
received research concentration at univer- 
sities; Thus; the establishment of this program 
was stimuiated by the need to increase 
research commitments in polymer processing, 
particularly those areas related to the man- 
ufacture of plastic and rubber products,. ... 

The program began operation in 1973 
with a 5-year seed money grant from the 
National Science Foundatibri experimental 
research and development iricentiv/es jDrb- 
gram. Three member companies joined that 
year. The prograrri how includes 10 mem- 
bers" arid is entirely industry sponsored by 
rhertibership fees based dh a fdiThula of 
each firnris plastics output. 

The level df effdrt consists of about 25 
projects directed by six members of the MIT 
engineering faculty, operating with an annual 
budget of approximately $5(30,900; Six 
patents have been issued |o date as^a result 
of the program, with 12 applications pending. 
Corporate sponsors participate in the pro- 
gram by guiding research directions and 
gaining first access to research results. All 
sponsors have royalty-free, irrevocable, non- 
exclusive license to use any technology 
developed under their sponsorship. 

Policy issues 

The iDrecedirig rriaterial serves as ah bvet*' 
view to identify an activity that is increasing 
in size and variety arid that has the pbteritial 
for irifluencing the rate of technical change 
in the United States. Within this context, 
the issues presented in the first section df 
this paper are examined rhdre closely and 
some df the related impacts a/e discussed. 

Will such activity be a 
significant replacement 
for Federal R&D support? 

There are several instances where collective 
industry; groups can play a sighificarit role 
as the pattern of R&D support changes^but 
this roie is not likely to replace that of Fed- 
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eral funding, in 1981, for example, the 
Federal Government's share of total uni- 
versity R&D funding was 65 percent, while 
industry in oil types of support provided 
3.8 percent^ Additiprially, the furidarrierital 
trahsitibh from Federal support to private 
sector support in several key areas is likely, 
to involve a peripd of adjiistriierit in which 
the impacts on R&D arid bri the jDace of tech- 
nical change rernairi unclear. 

For example, EPRI has revised the struc- 
ture of its research program to accommodate 
reductions in Federal energy support for 
develdprherit- arid demonstration-scale 
projects. Whereas in the past few years near- 
terrri programs have accounted for 50 per- 
cent of total expenditures, EPRMs now 
allocating 70 percent fo^ near-commercial- 
scaie projects: To accommodate this shift; 
however many programs are being elim- 
inated (for example, sapport for all work on 
electrical systems and energy storage tech- 
nology R&D) or reduced (for example^ fossil 
energy development, development of solar 
ar>d wind energy, ari'd research on health 
and environmental effects). In addition, this 
comes at a time when electric utilities are 
facing severe financial cpristraints. This has 
resulied jn an overall reduction in the scojDe 
of EPRPs projects over the next 5 years; 
accounting for iriflatibri, the R&D program 
will continue at about the 1980 level of 
real experiditure. 

In cbritrast, the actions of the Council 
for Cherriical Research seem likely to increase 
the pei'cerit of industry Support for research 
iri university chemistry departments from 7 
pei^cerit ta 10 percent.-* While this represents 
a one-third increase in the current level of 
industry support, it wiH not compensate 
directly for possible reductions in Federal 
support. However, what maybe particularly 
important here is the improved relationship 
between universities and industry, based on 
one-to-one interaction, which may result In 
a more productive use of technical resources 
between the two partners. 

Will these efforts address the 
projected shortage of technical 
manpower trained to work iri 
selected fields? 

It seerins apparent that the uriiversity/iridustry 
relatibriships bf collective industry assdcia- 
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tibns can serve to increase the quality arid 
supply of trained manpower. The Institute 
of Paper Chertiistry is a prime example of 
a collective effort to meet the needs of a 
particular industry. The newly formed Council 
for Chemjcal Research has, as an explicit 
goal, an intention and funding mechanism 
tu" pion i ote-gctvance d ed t reat Id n~i^ the" 
chemical sciences and engineering: The 
funding of research at universities by the 
Semiconductor Research Cooperative and 
particularly the focus on the upgrading of 
expensive, sophisticated equiprnent sug- 
gests a positive impact on the training of 
individuals in engineering and computer 
science. Less pronounced, but still a positive 
cpntnbutibri to advanced, educatibri, is the 
Gas Research Institute's funding to univer- 
sities, which allows students to pursue a 
graduate degree while perfbrrriihg gais- 
related research. 

These trends, nevertheless, were riot iri- 
terided to represerit the major sblutiori to 
the need for trained manpower in different 
fields. However, they may well provide an 
important component to the solution, in 
combination with such other activities as 
industry-directed professional technical 
education and training provided by pro- 
fessional societies. 



Will such activity set the 
direction for national R&D efforts 
iii the fields affected? 

Rather than setting the direction for national 
R8(D efforts, the coOective actions of industry 
groups are more likely to support or cbrn- 
plemerit R&D dlrectlbris estEblished by 
separate industry sectbrs and the Federal 
Gbverrimerit, which, cbrhbiried, cbristitute 
the riatibrial effbrt. A cbrisicleratibri bf these 
activities thus rests iri a cbritext bf how re- 
sources are Utilized fbr the Nations tech- 
nical cbnipeterice arid whether or riot pbl- 
icies are needed iri either the public arid/br 
the private sectbrs tb modify this allbcatibri 
relative to riecessary technical requiremerits 
and the overall supply of resources. 

The total funding of collective industry 
groups for different research programs is 
only about i percent of all industry funding 
for R&D: However, the allocation of the 
collective funding has significance beyond 



the strictly financial iri at least two iriipbrtaht 
ways: (a) greater cbriceritratibri of techriical 
resources bri thbse jDbirits bf the R&D spec- 
trum deemed critical by each iridustry group, 
and (bj riew institutional relatibnshijDS, 
particularly between university arid iridustry 
partners. 

the tiouncil tor cnemicai Kesearcfi and 
the Semiconductor Research Cooperative 
illustrate both points: The chemical and 
semiconductor industry groups are par- 
ticularly concerned with ensuring a strong 
foundation of basic research as an essential 
ingredient to keep pace with rapid tech- 
nplbgical change and the intense pressure 
bf international competition. The focus of 
these grbups has, therefore, been on basic 
research, and the mechanisms chbsen have 
been riew arid/br strengthened university/ 
iridustry iriteractibris. 

With the SRC, for exarriple, substantial 
ambUrits bf rnbriey will be selectively chan- 
neled tb universities tb Upgrade eqUipriierit 
and to cbriduct basic research. These twb 
efforts clearly imply a majbr berieficial 
impact on the trairiirig of riew prbfessib rials 
i^n the field of microelectronics. The projected 
spending of the SRC thus represents a major 
attempt to strengthen the industry base. 
Moreover, by funding universities in targeted 
areas, research strengths and directions at 
academic institutions will also be affected, 
and those effects will require evaluation: 

What is the relationship 
of collective efforts to 
international cdinpetitiveness? 

In brief, collective industry actions permit a 
focusing of financial and technical resources 
iri_ several areas deemed key by consensus 
bf a particular industry group In the hbpe of 
cbritributiri^ to the innovation rate and prb- 
dUctivity bf the industry, and hence its com- 
petitive pbstUre, Iri several industries, the 
strerigth bf iriterriatibrial cbmpetitibri is 
threateriirig the pbsitibri of U.S. firrris iri world 
mark^^ts; thus the capacity tb respbrid tb this 
challerige deperids Upbri the best Utilizatibri 
bf all resources. Micrbelectrbriics is ari 
obvious example. 

The record of growth iri this iridustry has 
been notably high. Over the last sevei'il years, 
the annual compound growth rate of U.S. 
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Can this activity provide a significant 
increase in support for research, 
training, or equipment? 

Cdllective industry iDrograrris can indeed 
provide a_significant increase in Uriiv/ersity 
support The MIT-Industry Polymer Prbc- 
essiha Prbqrarri reureserits the establishrrieht 



industry revenues has been 25 percent. 
Mbrebver, this rate is likely tb remain hiyh, 
from 20 tb 25 percent, with worldwide 
revenues projected to reach $75 bijjioh by 
1990. The Undiminished prospects of such 
grbwth are a keen attraction for intemational 
cbmpetitioh, which in turn has placed in- 
"crgaige d di^ r naiids uii U.S: fiiins f o r m er e - 
capital e?cpenditure5 and R&D to re^m^in 
competitive. As an example, capital esqpendi- 
tures by the U:S: semiconductor industry are 
currently about 16 percent of revenue: On 
the other hand, capita! expenditures by the 
Japanese semiconductor industry consume 
about 18 percent of revenue, with R&D ex- 
penditures at 13.2 percent of revenue.'* 

Other indicators of competitiori are also 
germane. From 1970 to 1980, there was a 
decline in the number of U.S. serriiconductbr 
patents issued annually to U.S. cbmpariies, 
During the same peribd, such patents issued 
to Japanelse_cbrnpanies dbubled. Also in 
the early 1970s, 78 percent bf the papers 
in the prestigibus Ihterhatibrial Sblid State 
Circuits Cbnference were .by U.S. authbrs, 
with 5 percent by Japanese aUthbrs. By 
1980, the percent bf U.S. authors had 
dropped tb 60 percent, while that of the 
Japanese had risen to 30 percent. In addi- 
tibn, the output of electrical and electronic 
engineering graduates is also significant: 
Japan is currently -graduating about twice 
as many engineers as the United States, and 
the U:S:S.R. is graduating about three times 
as many as the^nited States: Moreover, 
trends in both Japan and the U.S.S.R. indi- 
cate that the numbers of these graduates 
are increasing, while in the cJnited States the 
numbers appear constant. 

All of these indicators of international 
competition underscore the role bf coor- 
dinated activities to leverage technical and 
financial resources. The results of the re: 
search and training activities bf the SRC 
obviously remain untv 'Jted bwing to its new- 
ness, and thus the actual Jrripact on com- 
petitiveness is unclear. Nevertheless, it 
seems apparent that there is a need fbr 
pooling selected resburces tb address broad 
corrirnori jDrbblerris; this may free other 
cbrripariy resburces fbr improving product 
lines arid pursuing other interests. 



of i_ rriajbr new research cbriceritratibri at 
MIT, with iridustry-sjDbrisbred funding 
devbted tb equiprrierit arid research bri 
prbcessirig arid mariUfactUririg of plastic 
arid rubber products. The program involves 
about 25 projects, arid 18 patent applica- 
tions have been developed since the prosrarn 
was established in 1973: While training is 
not an explicit goal of the _P_^09''^_"L' 
research projects offer an opportuni^ fo^ 
undergraduates and graduates interested 
in this field to pursue intensive work in 
polymer processing. 

The eCR and the SRC activities also reflect 
increased support for universities in re- 
search, training, and equiiDment. Owing to 
the operational characteristics and funding 
levels of the SRC_^ it is possible that univer- 
sities receiving SRC funding may becbrrie 
centers of excellence in the areas bf their 
special expertise. In such a case, brie irripact 
of industry suppbrt rriay be the settirig bf 
directibris iri uriiversity reseairch, thus re- 
quiririg ari examiriatibri at a Uriiversity bf 
apprbpriability arid desirability. 

What are the considerations for 
univetsities and industries for 
estabiishing and/or continuing 
institutional ties? 

Industiv Cbnsideratibhs. The specific 
nature bf factors irifluericirig techriical charige 
iri each giveri iridustry will vary frbrri brie tb 
aribther. Thus, each iridustry has a different 
set bf activities that may be appropriate for 
cbllective actibris. Additionally, economic 
pressures, Gbverrimerit interactions, and 
international conditions play a role. As a 
result, some of the factors that need Jo be 
evaluated to assess both the desirability for; 
and the detailed mode of, collective action 

incjude: 

• Type of common research that is 
needed and appropriate; 
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• Time arid cost of prbgrarri; 

• Cbrrirribri cbricems bf health, safety, arid 
erivirbrinierit; 

• Need fbr staridafdizatibri; 

• E>rterit bf Gbverrimerit programs iri re- 
lated fields; arid 

• Capa:ity of companies to pursue work 

~ inrlppppripntli; 

. — ' — : — r — _ " ? — _ \ ^ — ~ — T"! : ~t" 

These factors give rise to questions of 
optimum research management of finite 
resources, and of strategic business plan- 
ning with regard to the areas of opportunity 
for industrial growth and leadership: Col- 
lective action can provide a broader technical 
base for all participants at lower cost per 
company. By contrast, individual action can 
be more flexible and thus encourage multiple 
approaches, more effective integration with 
other corporate resources, and cbrripetitive 
advantage, for the company suppbrtirig its 
internal R&D program. 

These fectbrs can also be used to delineate 
a set of criteria sb that ari iridustry, as well 
as a particular firrri withiri ari iridustry, can 
detenriirie: 

• Whether the iridustry shbuld initiate bf 
expand collective research activities; 

• What relative pribrities and emphases 
should be given to the possible pro- 
grams to be undertaken; 

• Whether a particular company should 
join in collective research activities; 

• What benefits will accrue to a member 
company; 

• What constraints may exist for a mem* 
ber company; and 

• What research mechanisms and which 
university partners — if any — should be 
sought. 

One important jDressure for expanded 
collective R&D is the combinatibri of the 
broadening technical base required for ad- 
vances in an industry and the finite hssdurces 
of money and people available to individual 
firrris within that iridustry. One way to e>press 
this cbrribiriatiori is the increased Jerisitivity 
to irriprbvirig R&D prbductivity. The rieed 
for prbgress arid cost-effectiveness rriay thus 
result iri assigriirig to cbllective effbfts 
(a) prbgrarris cbricerried with cbstly br 
brbadly based prbgrarris bf techriblbgy de- 
velbpmerit, as evident iri sbrrie areas bf EPRI 



and GRI iriterests, or (b) depending on the 
requirements of different industries, programs 
focused on basic research, such as the CCR 
and SRC The impact on each mdustry 
sector, as discja^d earlier, ^r^be significant 

A second pressure for collective activities 
is an increasing concem with the technical 
"environment'' within which a particular 
industry must operate. Specifically, there is 
a growing uneasiness throughout the in- 
dustrial research community, of varying 
intensity depending on the industry, about 
the production bf adequate numbers of well- 
trained, graduates, about the research facil- 
ities bf uriiversities, and about the ability 
bf sbrrie industries to maintain their inter- 
riatiorial competitiveriess. To the exterit that 
these "erivirbrirrierital" factors cari be im- 
proved, the techriical base of ari iridUstry 
sectbr cari be strerigtheried. This rribtivatibri 
was strbrigly eviderit iri the iriitiatibri bf the 
CbUricil fbr Chemical Research, arid it under- 
lies the plans of the Semicbriductor Research 
Cooperative. 

The extent to which simiiar collective 
actions can be pursued by other industries 
is not clear: Nevertheless, the ejements 
present In the ones discussed seern valid 
for (aj industries that face constraints on 
their pursuit of technical improvement, such 
as energy, metals, and mining* and (b) other 
industries immersed in rapid technical 
change, such as electronics and chemicals. 
The actions to date may serve as useful 
models for the future. 

University Considerations. UniversiBes 
are a major participant with industry in the 
implementation of several collective industry 
research programs. Since universities are, 
i^ri a sense, a principal instrument of society 
for iDrbviding a common reservoir of science 
and technology, and since they fijrictibri 
withiri a special cbritext of goals, rribtivatibris, 
arid coristraints, their particijDatibri iri collec- 
tive industry research effbrts involves a dif- 
ferent set bf cbnsideratibris arid irrijDacts. 

The priricipal cbricerris of each uriiversity 
iri this regard are whether arid hbw tb en- 
cbUrage cbllective industry actibris. Iri the 
case bf the CbUricil fbr Chemical Research, 
Uriiversity persbririel, as active members of 
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the Council, are involved directly in plan- 
ning and implementing the programs. 

The continuing attention of universities 
to the establishment of mission-oriented 
research centej;s may be stimulated by the 
growth of collective industrial rsearch; There 
would appear to be some attraction in having 
a university research facility structured to 
consider the same basic science and engi- 
neering problems related to an industry or 
a mission that are simultaneously the objec- 
tives of a collective industry group. In point 
of fact, without any formal industry action, 
each mission -oriented research center at a 
university that sets up close linkages with 
industry represents a form of collective 
industry action. 

Sirriilarly, this erilarged iridustrial activity 
rriay offer the option for universities to ex- 
arriirie arid possibly to rribdify the curriculurri 
and degree bfferirigs to match the changing 
technical base of particular industries. If this 
were pursued cooperatively with a repre- 
sentative of an indusiiy association in a given 
field, then constructive approaches could 
be considered more easily than would be 
the case for a university working alone or 
with the advice of a single company^ 

Funding from collective industry groups 
may serve to stimulate increased support 
for basic research, for training, and possibly 
for instrumentation. Not only are increased 
funds likely to be available, but the collective 
associations may provide a sound base for 
longer term planning and for broader inter- 
actions with those industries. 

However, there is clearly a challenge to 
universities iri this exparisibri. Wheri larger 
arriburits bf furids fibw through riew br 
rribdified channels, there can easily errierge 
strong biases iri research within particular 
fields. This was precisely the situation re- 



sulting frbrri the rriajbr growth bf Federal 
Cjovertlrtierit suppbrt bf R&D dUririg the 
1950s arid 1960s. For example, duririg that 
period the fields of metaiiurgy arid rriate- 
riais tilted heavily toward materials science, 
with relatively less attention to those areas 
of process metallurgy that appear to be 
needed for productivity improvements today. 

Despite these Influences, the university 
system tends in general to be reasonably 
balanced in research: The newer industrial 
actions should not have the potential unbal- 
ancing impact of earlier Government pro- 
grams for several reasons. 

First, industry support of university research 
is simply too small,_OTi the order of 4 percent 
of all university R&D. If collective funding 
programs could double this,_it would still 
not be the dbrrilriarit factor (See Table 3). 
Arid, collective industry funding leaves intact 
ari irripbrtant characteristic bf the university: 
cbrisideratibri bf R&D as an erid iri itself, 
whether iri the cbriduct bf basic science br 
iri the sblutibri bf particular pirbblerris. ThUs, 
there seenis tb be rib basis fbr cbriceriri as tb 
objectivity or undue irifluerice frbrn indus- 
trial funding that is still brily bri the order bf 
4 percent. A university system hardy enough 
to absorb and grow with Federal sponsorship, 
largely from mission agencies, that reached 
70 percent is surely able to remain equally 
independent with industry support that is 
only a small fraction of the total: 

Second, and more importantly, the strong 
objective of individual companies to develop 
direct ties with universities will not be sab- 
merged within the collective associations. 
The structure of the Council for Chemical 
Research specifically provides for a one-tb- 
bne relationship between a company and a 
uriiversity. The collective actions in semi- 
cbriductors arid energy are only modest 



Table 3 

University R&D Funding (in millions of ddllarsi 

1953 1970 1979 1981 (est.) 

Total UniveKlty R&D $255 $2,335 $5,183 $6,300 

Funded by FtideralGbvemmeht $138 $1,647 $3,432 $4,100 

Funded by Industry _. $ 19 _ $ 61 _ $ 194 _ $ 240 _ 

Percentage Federal Government .... _ 54% 71% 66% 65% 
Percentage industry 7,5% 2J% 3.7% _ 3.8% 

Source; National Scjence Foundation. NQtionQ} Patterns of Science and Technology Resources, 1981. NSF-81- 
311; Washington, DC: U.S. Government Printing Office, 1981: 
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additions tbjhe separate industry-uriiversity 
relations of IBM, General Electric, and Exxon. 
Thus, the pluralism of research interests will 
contiriue.. 

Nevertheless, there will be an impact on 
Uhiversity research by the simple leverage 
that well-fbcused collective actions can 
produce. For exarriple, support of particular 
micrdelectrbhics centers will propel those 
centers to the fbrefrbht bf their 'special areas 
of excellence, serving tb attract Gbverrirheht 
funds and other private support mbre easily. 
Thus, a major impact may be the setting bf a 
direction of university research. 

This imposes a continuing obligation on 
L^A_°^l^_^'!^^*_?J_^ mamtain its own inde- 
pendence of research choices, building upon 
the support available from industry as well 
as Government sources: The mechanisms 
in place for the collective industry groups 
surveyed suggest that universities are in fact 
carefully screening projects to ensure their 
appropriateness for academic goals and 
purposes, and discussing these issues with 
their industry colleagues. 

What are the itiaiii concerns related 
tb patents, licensing, rdyalty income, 
and antitrust regulations? 

The issues of patents, licensing, royalty 
income, and antitrust regulations are corn- 
mbn to all collective research arrangerrients 
and are reflected in the operatibrial charac- 
teristics and objectives of each organization. 
When exarriiriirig these issues, it is useful tb 
keep in rriirid that there are two distinct 
categbriGS bf collective arrangerrients: groups 
such as EPRI that cbriduct rribst research 
at private? facilities, arid grbup.s tliat cbriduct 
research in cbllabbratibri with universities. The 
follbwing is a general discussibri bf sbrrie bf 
the major points in each regulatbry issue. 
The specific impacts of these issues bn each 
group and, m particular, the effects bf the 
1980 department of Justice Guidelines are 
not discussed here: 

Patents. Paterit rights are bfteri a rriaibr 
issue related tb the cbriduct bf research. The 
cbncerri lies betweeri the rights bf the iriveritbr 
and the rights bf the hbst iristitutibri— usually 
an emplbyee/emplbyer relatibriship. The 
assignment bf paterit rights fbr iriveritibris, 
innovations, discoveries, and imprbvenlerits 
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can vary with the circumstances; Within a 
university context, for example, a researcher 
who performs patentable work with the use 
of university facilities or services in the course 
of regular duties generally assigns jDateht 
rights tb the university. A notable lexceptibn 
is the policy of the University bf Wiscbrism, 
which states that the university "does riot 
clairri ariy interest iri employee inventions."^ _ 
Other arrarigerrierits for the assigrimerit of 
paterit rights are irivblved in cases where 
research is spbrisbred by a third party. Fbr 
example, as a result bf the Uriiforrii Paterit 
Act, a University br small bus iri ess can retairi 
paterit rights tb iriveritibris made iri the cburse 
of research under Gbverrirtierit spbrisbrshijD, 
with three exceptions: 

• Operation of a Gbvernmerit-bwned re- 
search or production facility; 

• Exceptional circumstan^ces determined 
by the Government agency (stringent 
documentation is required from the 
agency and is submitted to the Comp- 
troller General to curb abuse by the 
agency); or 

• Wh_en necessary to protect the security 
bf Government intelligence or counter- 
iritelligence activities. 

In cases where industry is the third-party 
spbrisbr, and particularly where a collective 
group is the spbrisbr, arrangements for the 
title tb iriventibris cari vary bri a case-by-case_ 
basis tb accbrrirribdate the paterit policy bf 
an iridustry grbup and the paterit policy of 
a University. Iri the Couricil for Chemical 
Research, fbr instance, all arrarigerrierits are 
made between individual univer^sity/iridustry 
partners, rather than by the group as a whble, 
owing to the CounciPs "one-to-one inter- 
action" modus operandi. For other collective 
associations, general policies can be made 
for the entire group of corporate sponsors; 
these policies are then negotiated with a 
university. 

Licensing. One particular point tb con- 
sider is the arrangement fbr licensing when 
a university retains patent rights under an 
agreerrierit with a collective grbup. Here, an 
exclusive br nonexclusive license may be 
riegbtiated. For exarriple, the iridustry 
spbrisbrs bf the MIT-Iridustry Pblyrrier Proc- 
essing Prc^rri have royalty-free, irrevocable, 
nbriexclusive license tb use any tehhriblbgy 
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developed under their sponsorship. A 
recently completed study by the New York 
Oniversity Center for Science and Technol- 
ogy Policy indicates that many industry 
sponsors participating in cooperative r^earch 
centers do not require exclusive licenses: 
Exclusive licenses may be more important 
"in areas of research where the outcome 
may be a new drug or agricultural product."^ 

Royalty Income. The division of royalty 
income is also a cdnsideratidh related to 
patents and licensing. Again, arrangements 
vary with individual circumstances. In cases 
where a thjrd party is involved, such as in 
research sponsored by collective industry 
groups at a university, royalty income divi- 
sions are negotiated as part of an overall 
agreement. These divisions can include a 
share for the university and the sponsoring 
group, and they may or may not include a 
share for the inventor. 

Antitrust Regulations. Considerations 
related to possible conflict with antitrust laws 
are also present in the research carried out 
by coHectjve industry groups: ^^'Becausejouit 
research may involve or create market dom- 
inating technology, may be conducted by 
competitors or potential competitors, or 
may involve restrictive agreements concem- 
ing the use of the results of the research, 
antitrust issues can arise."^ Some of the 
major antitrust considerations are reflected 
in the focus and structure of different 
collective groups. 

The niajbr points of reference vvheri re- 
viewing the legality of joint research ventures 
are the nature of the proposed research, 
the joint venturers, the industry, arid the 
restraints on the conduct of research irripbsed 
during the project. With these four points 
in mind, the general case for not offending 
antitrust laws involves: (aj research concen- 
trated at the frontier or basic end of the 
research spectrum, rather than where it may 
have substantial market effects; (bj a larger 
rather than smaller number of actual or 
jDOtential competitors; (c) a narrow field of 
joint activity; and (d) limited restraints: 

The assessment of legality rests in examin- 
ing the effect on the competitive relationship 
of individual firms in the collective group. In 
this regard, there are three major effects of 
joint research agreements to consider: 
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• Reduced existing or reduced potential 
competition between firms; 

• Agreement restrictions that restrain 
competition; and 

• Limitations on participation that may 
give members of the group unfair ad- 
vantage in the marketplace: 

Evaluation^ of the ejfects on competition 
generally involves application of Section i 
of the Sherman Act and Section 7 of the 
Clayton Act. 

Given these considerations, research 
competition is a ke^' issue. If the research 
conducted by a collective group serves to 
decrease competition, then the innovative 
edge arid productivity gains spurred by 
cbrripetitive advaritages rriay decreasje, with 
adverse effects to the rriarketplace. On the 
other hand, if joint efforts rriake possible 
research that firms could riot cbriduct iridi- 
vidually, then the technical base of the iri- 
dustty can be strengthened arid thus prbvide 
new competitive opportunities derived from 
the technical advances. Therefore, main- 
taining or strengthening competition is a 
particularly important consideration. 

The specific arrangements of each col- 
lective group p^re obviously critical and merit 
detailed ex?:mination: An additional point 
to conside-r is the role of a "neutral" party, 
such as a university, in conducting the re- 
search. The participation of a university can 
serve to reduce the anticompetitive px^tenfial 
of research projects conducted by an industry 
group, particularly in cases wheremembers 
of the group belong to the same industry and, 
as iridividual firrris, are highly competitive. 
The SRC is ari exarriple. Moreover, the tra- 
ditibrial iriterest of the university iri dissem- 
iriatirig results serves tb reiriforce the anti- 
competitive pbteritial. Uriiversity/iridustry 
relationships that are part bf br are the basis 
for collective industry research may thus 
have significance beyond the purely techriical. 

Possible Government Actions 

The preceding comments on the growth oif 
collective industry research are based upon 
the impact of these activities on the Nation's 
technical base: Since there are a number of 
benefits inherent in these efforts, considera- 
tion should be given to possible iSovemment 
actions that might enhance the use of tech- 



hical resources in these collective arrange- 
rriehts. However, the justification for any 
Gbverrirtierit action to support collective 
industry research denves frbrti several 
observations about the objectives arid effects 
of such initiatives. 

First, the identification of areas of basic 
science or engineering most desirable by an 
industry sector sets a higher probability that 
advances in these areas will be converted to 
economic use^ Thus, the research directions 
set by the private sector should be kept 
clearly in mind when considering the role 
of a Government action: Will it provide addi- 
tional support and therefore strengthen a 
particular trend or will it complement a 
direction to ensure a balanced base? 

Second, support by cblleclive action of 
common, ndncbmpetitive R&D programs 
can permit advances to be made on costly 
and difficult areas that might not otherwise 
be atterripted by a single company. This is 
jDarticularly true in capital-iriterisive process 
iridustries, such as rriiriirig, arid cari be a 
factor in raisirig productivity withiri ari 
entire industry. 

Third, collective industry action to sup- 
port broad common research interests in a 
competitive industry can release individual 
corporate R&D resources for competitive 
busmess interests, thus advancing the tech- 
nical Jevel of an industry generally and 
strengthening its overall competitive status. 

With these observations in mind, there are 
several areas for possible Govemment action 
to enhance the use of technical resources in 
these arrangements. A key concern relates 
to institutional arrangements between in- 
dustry and universities. 

(1) Should the Government provide 
some form of indirect financial incentives, 
for exarriple, seed rribriey, matching funds 
or tax dedUctibris, to encourage the growth 
bf cbllective iridustry actions? 

In the case bf the MIT-IridUstry Pblyriier 
Prbcessing Prbgrarti, the Natibrial Science 
Foundation provided seed rribriey tb stirriU- 
late research conceritratibri in ari area bf 
special interest to a university arid a grbUp 
of industry sponsors. The program's viability 
and technical contribution have been 
demonstrated through the ongoing partici- 
pation of in^dustriai firms and the program's 
self-supporting mechanism. A critical ingre- 



dlerit here appears to have been the interest 
bf the parties concerned for addressing a 
needed area bf research. Gbverrirrierit 
funding prosjnded the wherewithal tb brgariize 
the required resources intb a program 
focused bn pblyrrier prbcessing research.^ 
Sirriilar Gbvenirricrit incentives in other areas 
rriight rrierit exanliriatibri when the iriterest, 
rieed, arid coridjtibris of wbrk are apprbpriate. 

(2) Shbuld Gbverrirrierit support fbr basic 
research at universities expand the directibris 
strengtheried by collective iridustry pro- 
grams, or should Federal furidirig be used 
to emphasize wholly new directions? 

This cbrisideration relates tb the obser- 
vation discussed earlier that the identification 
of areas of basic science br jengineering 
most desirable by an industry sector sets a 
higher probability that advances in these 
areas will be converted to economic use: 
Decisions for Federal funding of basic 
research at universities should thus account 
for (a) the overall separate efforte of industry 
and acadernic iristitutions in a particular area, 
(b) the coop<2rativemechanisms focused 
bn an area, and (c) the possible gaps in the 
techriical bas^ that could adversely affect 
balariced ecbnbrriic grbwth. A consideratibn 
of these pbints rriay vary frbnn one techriical 
field tb the riext. Goverrirnent actibris rriUst 
therefbre reflect the sbUrces bf techriical 
charige iri a gi^eri field br industry arid the 
poirits bf leverage that require atteritibri. Iri 
some cases thjs may irivblve added support 
for a particular research directibri, arid in 
other cases it rnay invblve coriceritration in 
a separate area: 

(3 j Can Government^ support of selected 
research facilities at universities serve to 
encourage sirnilar or related actions by col- 
lective industry programs in developing 
cooperative relations with universities? 

It seems apl^arent that excellence in a 
university research facility can attract coop- 
erative relations with collective industry 
groups, Goverrirrierit support that serves tb 
strengthen a particular expertise at a Uni- 
versity can result in that university's becorriirig 
a "ceriter bf eS^ellerice'' iri a given research . 
area. This in turri cari make the university a * 
rtibre likely candidate fbr other sbUrces 
bf sUppbrt. 

Of cbUrset process cari alsb wbrk 
wheri iridustry is the Initial, priricijDal sponsor. 
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As a research facility builds special expertise, 
it can in turn become a more likely candidate 
for Federal support. 



Cbneltisibn 

Collective industry groups are an irripbrtaht 
cdmpbherit of the Nation's technical base, 
with implications for overall ecdnbrriic growth 
and international competitiveness. As such, 
collective actions and new or strengthened 
institutional relationships merit (a) detailed 
examination of irnpacts on both relationships 
and technical trends and (b) consideration 
of Federal policies that can nurture the 
process when necessary: 
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The Impact of Increases In Defense R&D 
EMpendifufes on ihe U.S. Research System 



Abstract 

Currents? under was? is a significant reallocation of Federal budget resources, with the 
Department of Defense (DOD) budget scheduled to increase 54 percent between fiscal 
year i98i and fiscal year 1984, while the overaH Federal budget increases only 29 percent: 
During that same period, the D0D budget for research, development, test, and evaluation 
will increase by 78 percent, while all other Federal research and development expenditures 
decrease By 12 percent. 

This paper explores the potential impacts of these shifts in Federal R&D spending on 
those institutions with a primary role in the Nation^s basic and applied research activities 
and in the training of scientists and engineers. The data reviewed in the first part of the 
paper suggest that the major Impacts of the J n creases in defense R&D budgets will be on 
industry, and particularly on those sectors of industry already 'engaged In defense-related 
work. While the overall irnpact on the Nation's research universities Is not likely to be major, 
there could be substantial impacts on specific institutions and/br among specific disciplines 
as shifts in research priorities result in changing allbcatipri of research support. 

The pap»er reviews several rribre qualitative issues related tb DOD research suppbrt. It 
ribtes the willirigriess bf rribst rriajbr universities to take on rribre defense-related wbrk, but 
also notes university cbricerri bver recent Gbverilnleritprbpbsals tb increase cbritrbl, in the 
riarrie bf riatibrial security, bver the dissemination bf the results bf that research. This 
concern must be resolved if a satisfactory DOD-university relatibriship is tb be established. A 
major issue cutting across Goverii merit, industry, arid universities is the inipact of the 
defense buildup on the Nation*s pool of skilled scientific and engineering persdrinel; there 
is a possibility that universities, the armed sen/ices, and some parts of the private sector may 
experience difficulty in recruiting and retaining engineers and computer scientists, particularly 
those with advanced degrees: There is likely to be increased competition between defense 
and nondefense sectors for technical talent: 

The paper concludes that Federal investment in all sectors of R&D, not only those clearly 
related to defense needs, is essential to maintain and improve the technological base of 
U.S. national security. 



Intrbductibii 

Between fiscal year 1981 and fiscal year 
1984, Federal funding of Department of 
Defensi' (DOD) research, development, test, 
and evaluation (RDT&E)* activities will 
Increase by some 78 percent: over the same 



*For ihe purposes of this paper, the abbreviation R&D 
will be used for both civilian and Apartment of Defense 
prograrris; when referring to DOD, th^ls abbreviation Is 
meant to include test and evajuationactivities. However it 
Is hot realjy accurate t<^^^^^ DOD arTd other a^hcy 
budgets at this aggregate level, since other agencies 
either do hot have slgriincaht test arid evaluation activities 
and/or do not treat them together with research and 
develbpriieht efforts. This feportihg artifact therefore 
causes some distprtlpn in undeistanding the cornpar?»Hve 
increases in DOD R&D activities; 
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period. Federal funding for nondefense- 
related research and development will_de- 
crease by apprbxlmately 12 percent. The 
increases in defense funds for R&D are part 
of an overall acceleratibri iri defense speridirig 
driven by the desire, iri the Cbrigress arid 
the Reagari Adrriiriistratibri, tb eriharice the 
U.S. security posture ribw arid iri the future; 
overall, the deferise budget is targeted for a 
54 percent increase between fiscal year 1981 
arid fiscal year 1984, while the Federal budget 
overall Increases only 29 percent. Table 1 
presents overall budget patterns for the fiscal 
year i981/fiscal year 1984 period. 

Significant reallocations of narional 
resources such as these are likely to have . 
broad societal impacts. This paper explores 
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Table i 



Overall Budget Patterns, Fiscal Year 1981-FIscal Year 1984 



FY81 
Actual 



_FY84 
Proposed 



_ % 
Change 



Federal Biidyei^ 

Dept. of Defense Budget^ 

Dept. of Defense RDT&E^ 

Other R&D^ 

Dept. of Defehise Basic Research^ 
Other Basic Research^ 



tuiiiut 



$159.8 
$ 16.6 
$ 19.0 
$0,610 
$4.497 



$848.5 biilibri 
$245.3 
$ 29.6 
$ 17.0 
$0,869 
$5.570 



53.5% 
78.3% 
•11.8% 
424% 
27.9% 



Notes: 
^butiays: 

^New Authority, riot {ricludirig construLtion of facilities. 

Source; Shapley, Willis. Teich, Albert, and Weinberg, Jill. Research and DeveTopmeht: AMS Report W/. 
Washington, DC: i\nrierican Association for. ihe Advancemeni of Science. 1982, pp. 6. 27; aacLintersociety 
Wor^king Group. R&D iri the Fiscal Year 1984 Budget- A Prelirninary Analysts. Washirigtbri, DC: American 
Association for the Advancement of Science. 1983, pp. 13, 15. 22, 33. 



one such set of potential impacts: it discusses 
the possible effects on the research ss/stem 
of recent increases in defense RS^D spending: 
The research ^^em,.as conceptualized here, 
is defined as "the set of institutions, facilities, 
and most importantly, people, whose actiwHes 
both increase society^s storehouse of knowl- 
edge a'jout physical, biological, and social 
reality and investigate ways In which that 
kribvvledge can be used for human pur- 
poses.**^ This definition, it should be noted, 
emphasizes basic and applied research 
activities, rather than develbprrieht efforts. 
Such an erriphasis is appropriate for thjs 
paper, sirice sujDStahtially more atterittbh is 
given herein to issi* arid impacts related 
td-research carried but withiri the Natibri's 
universities than it is Id development activities 
carried out within industry. 

A number df recent reports on the state 
df the U.S. research system have noted "signs 
df stress, including resource constrai^nts, 
demographic trends affecting higher edu- 
cation, escalating instrumentation costs, and 
pre55uj;es for short-term returns_on research 
investments::::'*^ This paper attempts to cast 
some light on the interaction between shifts 
in Federal R&D funding patterns and the 
policies that underpin those shifts, on one 
hand, and emerging problems in the research 
sj^em, on the other. Will increases In defense 
research spending ameliorate, or possibly 
exacerbate, some of the emerging stresses? 
Will the increased rble bf the Departrrierit 
df Defense in Federal R&D suppbrt create 



new stre^es. new issues? Or are the sys- 
temwide impacts of accelerated DOD R&D 
funding likely to be minimal? The following 
paper provides some preliminary answers 
to these questions. 



Trends atid Develdpttiehts 

Historical Perspective 

Before exarrilriirig current arid future irripacts 
iri detail, it is wbrth reflectiri^ briefly bri the 
irripacts bf Departrrierit bf Deferise suppbrt 
bri the credtidn arid evotution of the U.S. 
research system iri its current form arid, iri 
particular, on the development of the Federal 
Government's relationship to that s^tem. 
The point of such a historical review is to 
provide a basis for examining whether what 
once was, vAll be again: Although Vannevar 
Bush*s 1945 vision, in Science: the Endless 
Frontier, centered around the creation of a 
civilian National Research Foundation to 
serve as the keystone of a post-World War 
II Govemment'science partnership, in reality it 
was the jnilitary services that took the 
1945-1950 initiatives tojrreate that partner- 
ship. In particular, the Office of Naval Re- 
search (ONR), established in 1946, was by 
1950 supporting over 40 percent bf U.S. 
basic science and had developed a variety 
bf means bf prbvidirig this suppbrt. Most bf 
those rrieans are still iri use tbday. They 
iriclUde: 
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• Funds for cbhstructibh of large facilities 
operated by a cdrisbrtiurri of universities; 

• Funds for large single-university labora- 
tories, with the research agenda set by 
a single laboratory director; 

• Acquisition of expensive, specialized 
equipment; 

• Fundmg for unique institutions such as 
Woods Hole dceanographic institute; 
.and 

• Project grants to individual investigators 
to pursue a particular line of research:^ 

The Office of Naval Research supported 
research, not development, and its major 
partner was the U.S. university si^tern. The 
character of that partnership and others 
between Government and. universities 
developed during the 1940s has been 
described the current president of a major 
research university: "In an overall sense the 
Arriericah university was mobilized for war 
by the Federal Gbverhrrieht in 1941, and 
derribbilizatibri did ribt bccur until twenty- 
five years later." As a result, he ribtes, "the 
American research university yearns fbrthe 
195bs and early 1960s....The fact is that we 
were spoiled. We took a great deal for 
granted — affluence, growth, the respect of 
society, a clear sense of purpose."'* 

Although other channels of Government 
support for research and development were 
developed or grew in significance during 
the i940s and i 956s— the Atomic Ener^ 
Commission (AEG), an enlarged National 
Institutes of Health (NIR), the National 
Science Foundation (NSF), and the National 



Aerbhautics arid Spiace Adrr.i.iistratibri 
(NASA) — the Departrrierit of Defense cbri- 
tintied as a dbmiriarit Federal RScD supporter 
into the mid-sixties. The national shbcks 
following the Korean ihvasibri, the Sbviet 
intercontinental ballistic missile (ICBM) 
buildup, and the launch of Sputnik reinforced 
the national security rationale for Federal 
fundmg of R&b and, in the case of Sputnik, 
triggered an across-the-board concern for 
Id.S: standing in science and technology: 
In addition to support of university research, 
during the fifties and sixties Federal funds 
went to a new type of high-technology 
firm organized to develop and produce the 
technology-intensive systems required by 
DOD and NASA, and the "aerospace" 
industry became_a major performer of fed- 
erally funded BStD. Existing, more traditional 
firrris created new divisions to perform 
contract work for the Government, Also^ a 
new kind bf iristitutibri, called a federally 
funded research arid develbprrierit center 
(FFRDC), was develbped to carry out spe- 
cialized research tasks, usually fbr a single 
Government spdnsbr. Table 2 cbritrasts the 
role of defense-related R&D outlays bver 
the past decades and in more recent times. 

In terms of scientific advances and tech- 
nological progress, this Government- 
university-industiy partnership in RScD proved 
a powerful success. For example, a recent 
analysis of the results of three basic research 
projects at the Massachusetts Institute of 
Technology sponsored by ONR in the late 
1940s and early 1950s identified a "flood 



Table 2 

Role bf Defense Funding in U.S. Research and 
Develbpmeht Support 

Federal Sham 

Federal Defense Space Civilian Nbn -Federal 



Year Total Related Related Related Share 



1953 54% 48% 1% 5% 46% 

1960 65 52 3 9 35 

1965 65 33 21 11 35 

1970 57 33 10 14 43 

1975 51 27 7 17 49 

1980(es?) 49 24 8 17 51 

1982 (est) 47 27 6 14 53__ 



Sources: For 1953-1980; National Science Foundation: Nmimal Patterns ojn&D Resources. 19B\ : NSF 80-308 
Washington. DC: U.S. Government Printing Office, 1981; for 1982, author's estimate. 
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of kriowleclge arid practical accbrnpHsH- 
rriehts," and concluded that, **without such 
suiDpbrt, these benefits would very likely have 
beeri iDOStiDoned for rriariy years or jDerhaps 
hot have been attained at all."^ It is probable 
that similar results would follpvv from careful 
study of other DOD-suppbrted basic research 
efforts of the 1950s. Since 1960, sbrrie 20 
Nobel Prize winners have drawn direct 
sujDpbrt frbrri the Departrrieht bf Defense.^ 
At the levd bf techriblbgical achievernerit, it 
was tl'ie high-technology industries nurtured 
by DOD (and then NASA) funds that both 
U.S. and European observers in the 1960$ 
identified as the secret of U.S. economic 
power; the U.S. leadership position In such 
areas as aviation, space, microelectronics, 
computers, and advanced materials v^ seen 
as a counter to the erosion of the country's 
position in other technologicaliy intensive 
sectors that did not receive direct Govern- 
ment financial support. 

Another product of close DOD-science 
relationships during the 1950s and 1950s 
was the involvement of some of the Nation's 
leading scientists_wiLh natibnal security 
programs, either as DOD-furidedinvestigatbrs 
or as advisers _tb the Defense Departrrierit 
or the White Hbuse on scientific arid tech- 
iiblbgical issues related tb deferise. This 
linkage rriearit that some bf the cburitry*s 
best minds were farriiliar eribugh with ideas 
for new weapbris systertis tb provide both 
support and constructive criticism bf such 
prbpbsals. 

F^ven as the momentum of the partnership 
of the fifties appeared to be increasing, signs 
of tension appeared: in his farewell address 
as President, Dwight Eisenhower warned the 
country of the potential of undue influence 
on the part of both the "military-industrial 
complex" and a ^'scientific-technical elite." 
During the mid-1960s, as national priorities 
shifted toward domestic concerns and as 
U.S. involvement in Southeast Asia became 
increasingly unpopular on university 
campuses and in society at large, the part- 
nership between DOD arid the Nation's major 
universities largely came apart. There was a 
dbwriturri in DOD R&D investments bverall, 
as the cbsts bf the Vietriarri War dbrrii hated 
the defense budget. Between the mid-1960s 
and the mid- 19703, DOD suppbrt bf basic 
research, in constant dollars, was cut in half, 



and DOD funding of R&D overall; again in 
constant dollars, declined by one-third (See 
Table 3). Students. and faculty on the 
carriiDuses of rriariy bf the country's leadlrig 
uriiversities questioned the appriDpriateness 
of close PpD-universlty_ties._Flrially., the 
Mansfield Arrieridrrierit bf 1969 prohibited 
PpD research suppbrt. unless there was a 
"direct arid apparent relatibriship" tpl sbrrie 
established DOD furictibri brrriissibri. Thbugh 
it is difficult tb trace the specific irhjDacts bf 
the Mansfield Ameridmerit bri particular 
DOD research investmerlts, the spirit bf the 
Amendment,* coupled with university dis- 
affection and budget constraints, served as 
effecSve limits on DOD involvement in overall 
research policy during most of the 19705. 

The point of this compressed discussion 
is to point out the centra] histqrica[ role that 
the Department of Defense has played in 
the post-World War II U.S. research sv^tem, 
particularly in the Government-science part- 
ners hip._WiII the current step up in defense- 
related B&D investments have similar broad 
impacts?_Because bf the availability of addi- 
tibrial DOD funds, will there be: 

• Major shifts in the character bf, policies 
fbr, or mechariisrris fbrGbvemment in- 
vestrrierit in research arid develcprrierit?; 

• Mbre activity in the frontier areas of 
flindamerital science arid erigirieeririg 
inquiry, which ivill resiilt in rrlajbr sci- 
entific advances in the 1980s and 1990s, 
from DOb-supported reisearch?; and/br 

• A lessening or removal of current prob- 
lems such as obsolete instruments, too 
few gi'aduate and undergraduate 
students in science and engineering, 
and shortages of funding for worthy 
research? 

Will an increased D0D presence in the 
research system be a source of new con- 
trbv^rsy, a cause of the diversion of high- 
quality scientific and engineering efforts away 
frbm promising lines of civilian-briented 
research, arid/br a rpajbr cbiitrlbutor tb 
erriergirig shbrtages of or bbttlenecks in the 
supply bf scieritists arid engineers? It should 
be ribted that the recerit iricreases iri DOD 
research suppbrt are plariried tb cbritiriue 



* Although the amendment was legally binding for only 
brie year, its impact persisted. 
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Table 3 



Trends tn Department of Defense R&D, Fiscal Year i965-Fiscai Year 1984 






(in millions) 








Current Dollars 


Constant FY 1972 Doll?rs_ 




Basic 


Total 


Basic 


Total 


riscdl Year 


Research 


R&D 


Research 


R&D 


1965 


$347 


5686S 


$506 




1966 


341 


7099 


476 


Vy\JO 


1967 


362 


8136 


490 


11008 


1968 


318 


7908 


411 


10209 


1969 


353 


7890 


436 


9752 


1970 


323 


7491 


371 


8607 


1971 


318 


7654 


342 


8228 


1 0*70 


328 


8482 


328 


8482 


1973 


304 


8541 


285 


8011 


1974 


303 


8578 


265 


7505 


1975 


305 


9167 


244 


7324 


1976 


328 


9770 


245 


7308 


1977 


373 


11385 


257 


7356 


1978 


412 


11760 


262 


7468 


1979 


474 


12751 


283 


7612 


1980 


552 


14150 


305 


7825 


2981 


617 


17050 


312 


8610 


1982 


695 


20044 


322 


9461 


1983 


788 


24300 


323 


9800 


1984 


869 


29500 


339 


11500 



Sources: Shapley. Willis. Teich. Albert, and Breslbw. Gail. Research and DeueTopm^^ AAAS Report VI 
Washington. DC: American Association for the Advancement of Science. 1982. p. 99^ and author's calculations: 
Report hereafter cited as AAAS. Report VI. The fiscal year 1984 figures are from President Reagan's budget submission. 



in subsequent years, and thus their impact 
rhay be growing. 

Or, will the current and potentially con- 
tinuing upswmg In the availability of DOD 
funds for R&D have only a rriar^nal, though 
riot irisigriificarit, irripact bri the research 
systerri overall, although irripacts on specific 
iristitutibris or on specific disciplines rnay 
well be substaritial? The increases in DOD 
funds may well have the intended effects 
on the Nation's security posture, and it is 
primarily on this basis that those increases 
should be evaluated (though not in this 
paper): But their systemwide effects map 
not be as great as it might be expected, 
given jhe large increases in R&D spending: 
In particular, at the level of basic research 
and of effects on the Nation's research (as 
opposed to development) institutions, in- 
creases in.DOD funding are in fact not all 
that large. The following sections of this paper 
contain a preliminary analysis of these 
systerriwide effects. 



Patternss of Defense RDt&E 
Expenditures^ 

Tracing the patterns of DOD exjDeriditures 
for research and develbprnerit is at best ari 
imprecise art, particularly if there is an atterript 
to compare them to overall national patterns 
of R&D expenditures and performance.* 
Definitions of various categories of R&D 
activities are different within DOD than they 
are for civihan agencjes,^and DOD statistics 
include test and evaluation efforts in the 
same accounting system as research and 
development activities. Reporting systems 



* It shoQid be noted that this analysis exarhiries onty 
the Department of Defense research budget. National 
security-related expenditures by the Departrherit of 
Energy. NASA. NSF, and other Federal agencies are 
not incladed in the analysis: A fall examination of the 
^P^sJ Q^^^oJl^^ security research budget is needed, but 
is beyond the scope of this paper: the assumption here 
is that such analysis w[ould riot marRcdIy chanc;e the 
conclusions of this paper. 
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and time lags before reports are available 
also d|ffer. What follows, therefore, should 
be interpreted as an impressionistic sketch 
of the carrent patterns of DOD spending 
and of performers of DOD research activities, 
placed in the overall context of national 
R&D patterns. 

Perhaps the central Insight from this sketch 
should be identified at_the_ outset. During 
the 1945-1965 penpd,_DOD support was a 
dpminarit feature of the Federal R&D budget; 
DOD funding of universities and Industry 
was essential to the overall national R&D 
enterprise. The piicture is sorriewhat different 
today. As Table 2 suggests, defense-related 
R&D funding iri recent years is just over 
one-quarter of ndiidnd/R&D expenditures, 
compared to 52 percent in 1960. Moreover, 
this quarter of national R&D expenditures 
is relatively narrowly concentrated. Over 70 
percent goes to industry (including FFRDCsj, 
and the indosbies that receive major defense 
contracts tend to specialize in defense and 
space-related work; they arc, with a few 
exceptions: not the industrial giants of the 
country or the major U.S. actors in inter- 
national trade. Of research universities re- 
ceiving Federal R&D support, only one of 
the top ten DOD recipients gets more than 
50 perceni ofjts funds from DOD, and the 
average "DOD share" of research support 
arnpng the top ten is 16 percent {fiscal year 
1980 figures). (The reality is that the Depart- 
rrieht of Defense, even during the period it 
was the rriajor source of Federal R&D 
funding overall, never was the primary source 
either of Gbverrimerit investment in basic 
research or of Federal funds going to uni- 
versities for R&D. For example. Table 4 
provides a historical perspective on the DOD 
share of funding for university R&D.) 

These data suggest the major impacts of 
the Increases in defense R&D budgets will 
be on industry, and particularly on those 
sectors of industry already engaged in 
defense-related work: While the overall 
impact on the Nation's research universities 
is not likely to be rriajor, there could be 
substantial impacts on specific institutions 
and/or among specific disciplines as shifts 
in research priorities result Jn changing 
allbcatibn of research support. The following 
paragraphs provide evidence for this general 



Table 4 



Sources of University R&D Funding 





Non-Federal 


Total 




Year 


Sources 


Federal 


DOD^ 


1955 




41% 


19^^ 


i960 


37 


63 


21 


1965 : . ; . 


27 


73 


18 


1970 . . . . 


29 


71 


10 


1975 :::: 


: : : ; 33 


67 


5 


1980 . . . . 


35 


65 


6 



Noie; 

^If bob. funding to universities were to increase by 
the rri[d- 1980s to mbrejhan 10 percent of jota[ sup- 
port (and this is the implication of recent increases), 
its irhpacts could be substantial. 

Source; Author's calculations based bh National Science 
Foundation, Nationa^l Patterns of Science and Tech- 
nology HesoUrces. 1980\ NSF-80-308; Washington: 
DC: U.S. Government Printing Office. 1981. 



conclusion and suggest where it must be 
qualified or refined. 

From fiscal year 1981 to fiscal year 1984, 
the DOD R&b budget increased by some 
78 percent whjle ajj other Federal R&D 
expenditures decreased about 12 percent. 
When one examines where these increases 
have gone, the relative narrowness of 
potential impact becomes even more evident. 
Table 5 provides the relevant data. Ba_sic 
and applied research Activities lor their DOD 
equivalents, roughly DOD budget categories 
6.1 and 6.2) increased rriuch less than the- 
DOD average, and systerris developrrierit 
efforts iri such areas as strategic prbgrarris 
iricreased at well above the average rcate; 
further, these iricreases iri hardware devel- 
dprnerit prdgranis begari with a much larger 
furidirig base. For example, increases in 
strategic progiBrris alone required 44 percent 
of the totai DOD R&D budget increase in 
the past 2 years. While the dollar amounts 
of budget increases do not have a one*to^ 
one correlation w[th |he potential jmpacis 
of those increases, the fact that most in- 
creases are going to development, test, and 
evaluation activities puts some limits on the 
influence of DOD increases on basic and 
applied research activities overall. 

There have been gbverrirrieritwide at- 
terripts during the last ihree adrriiriistratibns 
to provide real, growth each year iri Federal 
irivestrrierit iri basic research. The increase 
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Tabic 5 

DistHbutioh of DOD R&D Budget 

■ FV81 . .FY84 % of _ increase _ 

Category ^ Actual Proposed Total 19S1-1984 

Basic Research^ , , _$615 million _$85Q million 2.9% 38.2% 

Exploratorv Development^ $1985 $2963 9.1% 49.3% 

Advanced Technoiogy Development .. . $593 $1233 .4:2% 107:9% 

StratcgicPfograms $3440 $9160 30.9% 166.3% 

Xactica] Programs $6130 $8850 29:9% 44:4% 

Intelligence and Commanicatlons :..:.: $1632 $3576 12.1% 119.1? 

Mission Support $2238 $3260 11.0% 45.7% 

Total .^,^^.^^16.634^ ^29,622. 78.1% 

Note: _____ ■ _ 

^These two categories are what DOD defines as the "technology base:" Over the past 3 fiscal years, the technology 
base budget has increased by 46.6 percent. 

Source: Amehcan Assbciatibri for the Advahcerherit of Science. Fiscal Year 1984 Budget Report, p. 33. 



in ovenaii Federal support for basic research 
over the past 7 years is 159 percent; the 
corresponding increase in DGD basic re- 
search support is 133 percent: In other words> 
DOD support of basic research hsss increased 
at about the same rate as Federal support 
overall. The pattern is a St different in recent 
years, \A^th DLOD support of basic research 
increasing 42 percent between fiscal year 
1981-fiscal year 1984^ while basic research 
support frprri bther_Federal agencies in- 
creased 28 percent. Still, the dollar amounts 
involved are hot pverwhelrriirig; DOD support 
for basic research over that period increased 
by only $191 rriillibh. Indeed, recent increases 
in DOD basic research funding rriay be best 
understood hot as part of the riatibhal security 
buildup under the current Adrtiinistratibri, 
but rather as the continuation of a trend 
tha^ began in the mid'197bs and was given 
particular attention under the Carter Ad- 
ministration: For example, in 1976 the 
Defense Science Board conducted a re^ew 
of fundamentai research in D6D, and in 
1978 the Office of Science and Technology 
Policy issued a report (the **6alt Report*') 
that focused on basic research within DOD 
and called for a reinvigorated DOD basic 
research effort. An office to oversee DOD 
research efforts was established under the 
Undersecretary of _D_efense for Research and 
Engineering in 1978j_ and there was sub- 
stantial real growth in DOD research budgets 



in the late 1970s, growth that has continued 
in recent years. 

The Department of Defense spierids its 
R&b money very differently than other 
Federal agencies do. A recent Arriericari 
Assodation for the Advancement of Science 
(AAAS) report noted that DOD **depends 
on and supports a major segment of the 
U:S: scientific and technological community 
through a^ fairly comfortable pattern of 
working arrangements, mostly with industry, 
that has evolved over the years: Other parts 
of the scientific and technical community; 
especially in universities, have remained 
largely outside the military orBit.''^ For 
example, currently 24 percent of the R&D 
budgets of nondefen_se agencies go to uni- 
versities, while only 3 percent of the DOD 
R&D budget is spent in academiclnstitutions. 
The Defense DejDartrrierit [Duts 74 percent 
of its R&D budget into industry; riondefense 
agencies, drily 46 pefcerit. The allocations 
to iri-hbuse labbratbries are sirriilar: 21 per- 
CG fit fbr DOD, 30 percent fbr bther agencies. 

American businesses receive by far the 
majority of bOD's extramural research 
awards. Table 6 lists the top 10 recipients bf 
DOD research contracts. As mentioned 
??'''!^J"* T^9^i of these recjpients are highly 
s^pedaHzed, advariced technob 
have been created or have been adapted to 
perform DOD (and NASA) sponsored work; 
most of them do not have a diversified 
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Table 6 

Major Departiiieht of Defense 
Cbntracibrs. Fiscal Year 1981 



DOD FortDne 500 



Company^ or Ihsiittitlon 




RanR 


Martin Marietta Corp 


1 


130 




2 


3.1 




3 


48 


Hughes Aircraft 


4 


213 




5 


ii 


General Dynamics Corp. . . . 


6 


76 


TRW.Iric. 


7 


71 


United Technologies Corp. . 


8 


20 




9 


a 




10 


b 



Notes: 

^Not separately ranked 

^Nonprofit corpbratibn (FFRDC). 

Source: pepartnhent of Defense. 500 Cqntractors Re- 
ceiwng the Largest polfar Volume of Prime Comract 
Awards for Research. DeOeloprheht. Test, and EOqI 
uation: Rscq! Year 1981. p. 2. 

product line, nor do they sell their products 
in commercial markets. DOD is included jn 
the provisions of a new law requiring all 
Federal agencies to set aside an increasing 
portion of their R&D budgets exclusively 
for small businesses: Other agencies have 4 
years to increase the small business share 
of their R&D spending to 1.25 percent; DOD 
has 5 years to meet that target figure. What 
elements of the DOD budget (for example, 
the test and evaluation categories) will be 
subject to this set-aside requirement have 
nbt_yet been deterrriihed. 

Of the top 500 defense R&D contractors, 
only 12 are uhiversitics; Table 7 lists the 10 
universities receiving the rribst DOD R&D 
supF>brt. Four of these ihstitutibhs are among 
the top 10 university recipients of Federal 
R&D funds overall, but, with the exception 
of Johns Hopkins University (because the 
off-campus Applied Ph^^ics Laboratory is 
included in the Johns Hopkins total), in 
fiscal year 1980 none of these or the other 
top 6 research universities received more 
than a fifth of their Federal research sup- 
port from BOD: 

In summary, then, the Department of 
Defense provides over Kalf of all Fed.eral 
R&D suppoLrt propo.sed for fiscal year 1984, 
and the DOD R&D budget is increasing 



Table 7 

_ Uhiveraitles Receiving DOD 
Siippbit for AcadeihLc Science, 
Fiscal Year 1980 

Rank as DOD 
RanR as Recipient Funds as 
Recipient _of all Percent of 





of DOD 


Federal 


To|al 


Institution 


Funds 


Funds 


Support 


Johns Hopkins^ . . . . 


.1 


1 


65% 


MIT 


2 


2 


17% 


Georgia Institute of 








Technology : : : : : 


3 


47 


68% 


Stanford University . . 


4 


3 


17% 


Pennsylvania State^ : 


5 


17 


28% 


University of Texas .. 


6 


32 


36% 


University of Dayton . 


7 


86 


90% 


University of 








_ _ Washington ..... 


8 


4 


12% 


University of Southern 










9 


21 


23% 


University of Califor- 








nia, San Diego ... 


10 


5 


12% 



Notes: 

^Of Federal support: 71 percent goes to Applied 
Phi^ics Laboratory*, f'^nmerly a FFRDC. 
^Of Federal support, 25 percent goes to Applied 
Research Laboratory, fbrrherly a FFRDC. 



Source: National Science Foundation. Feqera/ Sup- 
port to Universities. CoiiBges. and Selected Non-Profit 
Instituthns: Fiscal Year 19B0^^ DC: U.S. 

Government Printing Office: 1982. 

much faster than the rest of Federal R&D 
expenditures. Although the short-term in- 
fluence of this grbvvth oh the Nation's re- 
search systerri rriay be lirriited, if the defense 
buildup cbritiriues, arid if DOD research arid 
develbprrierit expenditures cbritiriue to grow, 
the longer term impacts, particularly bri 
high-priority areas of the physical sciences, 
mathematics, and engineering, could be- 
come significant. 

Policy Issues 

The industrial base for national security 
programs is not in robust condition, and 
concentrated attention is being given to 
improving that situation.^ But, (a) this is not 
primarily an issue of science and technology 
policy, arid (b) as already rioted, defense 
industries are highly specialized arid exist 
soriiewhat in isblatibri from the mairistrearii 
of Arrierican iridustry. Thus, increased 
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budgets for weapons system develbprrierit 
are hot likely to have widespread impacts 
on the research system bveraii. Some pfbb- 
iems are likely to emerge from the iridustri&i 
mobilization to support an enhanced riatiohai 
security posture, particuiariy with respect to 
whether sufficient industrial capacity and 
^°PPl^?i skilled scientific and 
technical personnel will be available for 
defense req^irerients without creaUng 
nificant shortfalls or bottlenecks in the non- 
defense sector. There are also over 70 DQD 
research laboratories under service man- 
agement. Recent studies have identified 
significant problems within these laboratories, 
and DOD managers are taking steps to 
improve their performance. These steps are 
also unlikely to have significant systemwide 
irripacts, aga_iri_with the exception that they 
rriay rriake DOD laboratories more suc-_ 
cessful cbrripetitbrs for the lirriited supply of 
technical tclerit. 

With resp^^ct tb the acaderriic sector, a 
recent Defense Science Bbard study ribted 
that 

the universiti^ and DQD need each other. 
DOD needs the scientists and engineers 
trained, by universities; it needs the faculty 
pool Gf_scientists and engineers working 
in the DOD area as originators of neu/ 
ideas arid as expert consultants and ad- 
visers. The uriiversity research base for 
deferise jDrejDaredriess is iri cbrisiderable 
disrepair arid therefbre iri rieed of up* 
grading iri faculty, equiprrierit, facilities, 
arid support. The prbblerri is rriUch 
broader than DOD, but DOD has a spe- 
cific interest and respdrisibility arid a 
critical need to see that a solution is found 
and that the solution is enduring.*^ 

Iri its efforts to develop an "enduririg 
solutibn" tb creatirig an effective DOD-_ 
uriiversity partriership, the Departmerit of 
Deferise has takeri a riurriber bf prbgrarri- 
rriatic iriitiatives in additibri tb iricreasirig its 
irivestmerit iri acadeitiic research. It is iri the 
changing character bf the DOD-uriiversity 
relationship that many of the new or emerg- 
ing issues discussed iri this paper can be 
found. Five such issues are discussed below^ 
following these dfecussions, i^ues associated 
wth DOD support of industrial research and 



issijes assbciated vvith science a.rid erigi- 
rieeririg persbririel are highlighted, 

University-Related Issues 

Are Universities Wjlliiig tb Undertake 
More Dbb-Funded Research? In the 

current fiscaj year, Federal f?&D suppbrt tb 
universities will total approximately $5.2 
billion; of this amount, about $0.9 billion 
(17 percent) comes from the Department 
of Defense: Major research universities see 
themse[ves in ajonding crisis, and thus the 
possibility of substantially enl^ed DOD RfeD 
support is quite attractive to the leadership 
of the academic community: in recent Con- 
gressional testimony, a panel of university 
presidents suggested that over the next 15 
years the Department of Defense "should 
begin making up" a $4 billion undennvest- 
rrient in . basic research over- the past 15 
years.** One member of the panel told the 
Cbrigress that '^universities today should be 
arid...are willirig to do all within their capa- 
bilities arid lirriited resources to beLinvblved 
iri rrieetirig riatibrial security needs. The great 
crisis bf ideblbg/ duririg Viet Narri has all 
but evaporated arribrig feculty, studerits, and 
staff."*2 Other observers are ribt cbriviriced 
that the kind of differerices iri values arid 
perspectives that drove the acaderiiic arid 
national security communities apart in the 
late 196ds have totally disappeared; recent 
demonstratjons related to a campaign for 
nuclear freeze may suggest lingering uniyeisity 
hostjiity to DOD programs: A biue^ribbon 
panel that recently e>^mined national security 
R&D programs noted '*the emotional carry- 
over of the Vietnam era: students who 
philosophically reject the concept of strong 
defense as deterrence cornbined with faculty 
who have put aside certain technical fields 
to pursue investigations lesSi likely to have 
implications for armament. The institutional 
suspicibn bf the military in some schools 
severely lirriits their role in the great adventure 
bf keepirig the peace.",*^ At a rriiriirriUTrii 
suggests the presiderit bf the uriiversity that 
tbps the list bf recipients bf DOD furids, '*a 
ribrimbbilizcd cbrrirriuriity of research urii- 
versities can arid shbuld be rribre caUtibus 
and selective with respect tb iriitiatives frbrri 
government for new research activities..,/'^^ 
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University Concerns over Export Con- 
trot Reqairennents^ One issue of central 
importance to restoring a mutual^ satisfactory 
DGD-university relationship stems from 
recent Government proposals to increase 
control, in the name of national security, 
over the dissemination of technical infor- 
mation. Since a full discussion of this issue 
appears in another paper in this com- 
pendium, its major elements will simply be 
highlighted hereJ^ 

The recent controversy is a reflection of a 
longstanding tension between the. notions 
of free cornrhunlcatipn of scientific Irifor- 
rhatibh and of the need to protect ihforrnatibn 
related to national security* interests. There 
is general agreerheht oh the heed for the 
Uhited States to protect ehgiheerihg ahd 
technological ihfbrrhatibh related tb hatibhal 
security; the cbritrbversy arises bver sug- 
gestibris that since relatively fuhdartierital 
scientific discoveries can quickly be ihcbr- 
porated into technology for military systenis 
and since the United States depends for its 
security on technological superiority, there 
Is a need for controlling access to scientific; 
as well as technologicaj, information. This is 
especiaiiy the case, argue those concerned 
with national security, when the Soviet Union 
and its Warsaw Pact allies are undertaking 
systematic efforts to acquire U:S: scientific 
and technological information. 

The scientific community has been resistant 
to attempts to control the flow of basic 
scientific information, arguing that open 
dissemination of results and subsequent 
review and criticism of new findings are 
essential elements of the scLentific process 
and that any barriers tb such flew will Irripbse 
much greater costs^ in terms of slbwihg 
scientific discbveiy and perverting the practice 
of science, than the pbtehtial hatiohal security 
behefits. As Gbverhrrieht cbricerris bver the 
leakage of techhical infbrrhatibh have in- 
creased, the sciehtific ahd research Uriiversity 
corrihnuhities have beeh butspbkeri in their 
resistahce tb additional cbntrbls over the 
activities bf the basic research cbrnmunity. 

During 1981 and 1982, Administration 
bfficials expressed concern that bilateral 
U.S.-U.S.S.R. agreements for scientific 
exchanges were one-sided, with the Soviets 



fining access in are^ where th^y ^re weak; 
that scholarly exchange were being misused 
by the Soviets, who were sending senior tech- 
nical people, some from closed military 
institutes, to the United States; that much 
defense-related information was being inad- 
vertently disseminated at professional con- 
ferences and scientific symposia attended 
by scientists from the Communist countries; 
and that open publication of scientific findings 
In certain fields was transferring sensitive 
Infbrrriatlbri to U.S. enemies. The concern 
came to public atteritibh in Januaiy 1982, 
when the Deputy Directbr bf the CIA ad- 
dressed a sciehtific meetihg and warhed bf 
a **herribrrhage" bf U.S. techhblb^ tb the 
Sbviet Uhibh arid bf a "tidal wave" bf public 
reactibh if the sciehtific arid techhblbgical 
cbrtimuhities did hot develbp vbluhtary 
rrieahs for ehsurihg that sensitive ihfbitria- 
tioh was hot accidentally made available 
to U.S. enemies. 

These recent pressures for increased 
cotroi over technical information have been 
met by strong reactions from spo'^^s."^^." 
for the scientific community; who argue that 
any moves toward restricting the activities 
of basic researchers are not justified and 
may be both unwise and unconstitutional. 

There has been continuing discussion of 
the "science vs. secrecy" issue in the past 
year, and a number of groups, such as the 
CornmLttee on Sciehcje, Engineering, and 
Public Policy of the National Academy of 
Sciences andlhe Cornmlttee on Scientific 
Freedbrri and Resporislblllty bf the American 
Assdciatibn for the Advancement bf Science, 
have launched studies airried at fihdihg a 
cbrrirribn grbuhd for agreerrieht between 
the hatiohal security ahd sciehtific cbrri- 
rriuhities. This is a rriajbr agehda iterri fbr 
the DOD-Uhiversity Fbrurri, discussed below. 
Althbugh there is little dbubt that the De- 
partrtieht bf Defehse can impose whatever 
cbhditibhs it chooses over research it funds 
directly (just as researchers can reserve the 
right not to accept DOD funds with unac- 
ceptable conditions attached), the broader 
concerns of the research community over a 
general restriction of scjentific communica- 
tion on national security grounds must be 
allayed if the major research institutions of 
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the Uhiled States are to be willing to engage 
themselves actively in ah accelerated DQB 
research effort. 

Character of DOD Support to Univer- 
sities. As discu^ed previously, the increases 
in DOD funds going to universities, when 
adjusted for inflatibn and for the funds set 
aside for DOD's **ihstrumentatLon initiative" 
(see below), are less than 20 percent of 
overall Federal funding for university research. 
Still, DOD university funding is alrribst equiva- 
lent in dollar amount to that of the National 
Science Foundation arid thus far frbrri 
inconsequential. Iri additidri, over the next 
few years the "DOD share" of uriiversity 
research support may coritiriue to grow 
[^^{^L^^^^ other elements of the basic 
research budget: 

If a particular institution were to receive 
significant new amounts of DOD funds for 
research, instrumentation, and student sup- 
port, the concentration of such fending could 
substantially alter the character of that 
institution's research and graduate teaching 
efforts. Furthermore, DOD support is likely 
to be cbnceritrated in a few disciplines and 
fields bf particular relevance to national 
security applicatibns,' and this could have 
rriajor irripacts within the basic research 
eriterprise in terrris bf status, ability to attract 
the best students, arid indeed the pace bf 
scieritific progress bverall. 

Iri the immediate pbst-Wbrld War II period, 
DOD furids, particularly those charineled 
through the Office of Naval Research, w;ere 
in effect general Goverrimerit support of, 
specially, basic research. Such has riot beeri 
the case for the past two decades, although 
ONR is still seen as the least restrictive bf 
any Govemment agency supportirig research. 
Even though the requirement of the Mans- 
field Amendment that all bob-funded re- 
search have a ^irect and apparent rela- 
tionship" to a military function has been 
softened to require only a "potential rela- 
tionship," DOD R&D investments, even those 
in the 6.1 "research" category, are best 
understbbd as targeted long-range research 
support in areas of perceived national security 
impbrtarice^with p^riority research areas 
selected by DOD. This has been the case 



for some time; for example, a 1974 study bf 
bob-supported projects at Stanford Urii- 
versity concluded that "the military had 
developed a rational, wen-admiriistered 
program to define research priorities iri terrns 
of current and projected military needs arid 
to parchase (ennphasis added) RScb from 
univereijies based^n those needs. Thus, while 
the scientific purpose as reflected in each 
individual project proceeded objectively, 
funding availability biased scientists' choices 
on which projects to pursue:" To the authors 
of this study, such extemal criteria for project 
selection were problematic; they raised 
"serious questibns about the university's 
effbrts to fulfill its role of protecting the 
processes which people search for scientiflc 
truth. For ribnscientific standards set outside 
the scieritific cbrr^riuriity to have a heavy 
irifluerice bri the choice bf which prbjects 
are uridertakeri may be prbper and desirable 
for iridustry or Gbverrirrient; but..._ it is nbt 
compatible with the uriiversities' role as 
agency to protect the scieritific prbcess.''^^^ 
This is a rather idealistic view of the 
scientific enterprise. By acceptirig external 
funds for research support, universities at 
'5^* tacitly also accept some set of externally 
derived research priorities. Perhaps more 
realistic is the question of whether an in- 
creasing trend toward harnessing research 
priorities to national security requirements 
is in the national interest: Certainly DOD 
research needs are likely to differ somevrfiat 
frbm those defined in the civil sector, and 
thrs- there could be shifts in the existing 
pattern of basic research activities as DOS 
funds are injected Iritb the system and other 
sources bf funding have decreasf?d budgets. 
This kind bf reallbcatibn of basic research 
pribrities appears tb be well under way. Not 
brily research pribrity decisibns but also 
decisibris bri which specific projects tb fund 
are, iri gerieral, rriade DOD technical staff; 
peer review is rarely used by the Departrrient 
of Deferise. 

As part of its accelerated R&D effort, 
DOD has ideritified its highest pribrity 
technologies as: 

• Very high speed integrated circuits, 

• High-energy lasers, 

• Manufacturing technology. 
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• Predslon-guided munitions, and 

• Rapid soiidification alloys. 
bODjs pursuing a research investment 
strategy that will support rapid progress in 
these and other critical technological areas 
with "order of magnitude" impacts on future 
military systems.'^ 

Historically, research done under national 
security auspices and in response to national 
security requirements has been a major 
source of scientific breakthroughs that are 
the bases for significant technological in rib- 
vatibns of general economic sigriificarice. 
Most of the high'pribrity research areas 
targeted fbr DOD funding also may have 
potentially broad civilian applications. How- 
ever, rriilitary systems are becoming increas- 
ingly sophisticated arid specialized, and 
there may hot be as much transfer from 
military to civilian applications as has oc- 
curred in the past. There will be a need 
for continued attention on the part of DOD 
and other research managers to making the 
results of DOD research accessible to the 
private commercial sector and other i3ov- 
ernment users, consistent with security 
requirements: 

Also, as particular research priorities 
dominate DOB investments at even the basic 
research level, areas of research currently 
being supported by civilian agencies could 
become candidates for DOD funding, and 
lines of research not falling into areas of 
DOD interest may requir5_particular attention 
from such agencies as NSF If the best science, 
regardless of external relevance, is tb be 
supported. There will be an increased rieed 
for goverinnnentwide cobrdiriatibn bf research 
support at the disciplinary br prbgrarri office 
level, as well as more generally, arid NSF 
may well be required tb returri tb sbrriewhat 
bf a **balarice wheel'* role as a Federal 
research support agericy. Already in place 
is a rriechariisrri by which DOD, NSF, and 
the Office bf Science and Technology Policy 
(OSTP) can coordinate research activities 
in areas of mutual interest, and this type of 
coordination is necessan.? to achieve some 
semblance of coherence in Federal 
research policy. 

As this discussion suggests, the rok of 
bob In the support of university-based 
research mil increase in importance, but 
Bob, as an agency with a nbnresearch 
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mission, is a poor candidate to reassume 
leadership as the support agency for aca- 
demic science: The AAAS notes that some 
people are asking *'since national priorities 
are being tilted toward defense, and since 
basic science is so imiDbrtarit to riatibrial 
defense in the long run, why shouldn't the 
DOD budget take on a really rriajbr share 
of support of research at universities?" This 
view is described as a "pipe dream,'* brie 
that does not recognize "that it is highly 
urijikely that DOD cbuld get a riatibrial 
defense pribrity withiri DOD itself br iri 
Cbrigress fbr the gerieral suppbrt of 
basic research. 

DOD Iifstruttientatiori Support. In 

recent Cbrigressional testimony, the then 
Deputy Director of NSF reported "an emerg- 
ing consensus in universities, the Federal 
Government, and private industry that there is 
a critical and growing need to replace ob- 
solete and worn-out research apparatus and 
laboratory facilities in the Nation's research 
universities: Although its precise dimensions 
arc not known, there is strongi, qualitative 
evidence that the problem is pervasive and 
large in scope. A rough, but reasonable, 
estimate of the lower level of the deficit is 
$1.0 billion. Upper boundaries of the problem 
have been placed In the $3.0-$4.Q bijiibri 
range."''* Amorig a riurriber of F^^deral 
agencies addressing this problem, the De- 
partment bf Deferise starids but by prbposiiig 
a 5-yean $150 rrillllbri Iriltlative tb furid 
uriiversity iristrurrierit purchases iri areas 
related tb DOD scieritiflc prbgrarris. 

The first grants urider DOD*s new instru- 
rrieritatibri prbgrarti have recently been 
announced. The concept is that each service 
will have $10 million per year, in addition to 
Its research support budget, to allow univer- 
sities to purchase scientific Instruments 
needed to conduct new, or to improve 
existing, research efforts in areas of DOb 
interest:'^" 

Both the befense Science Board and 
university administrators had called for a 
bob instrumentation program equal to 25 
percent of DOD*s basic research budget, or 
at least that portion of the budget going to 
universities. By generous calculation,. the 
proposed initiative is some 4 percenLof the 
DOD basic research budget, and over 5 years 
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would add up to only 15 percent of the 
mlnimurn estimate of the current heed. Still it 
is the most identifiable Federal resjDbnse to 
a widely perceived problem in the research 
sysjcm, and it could make a meahiilgfui 
contribution to ameliorating that problem. 
The Dop Jnstromentation initiative may pro- 
vide an example for other Federal agencies 
to emulate; recent Congressional testimony 
suggested that D0D shoa|d^"take the leader- 
ship role in establishing programs for the sup- 
port of facilities and instrumentation.''^* 

Univei^ity-Industry Relationships for 
Defense R&b. The Departrrierit of De- 
fen^se is attempting to encourage closer ties 
between defense contractors and research 
universiti^K. Each defense contractor conducts 
an Independent Research and bevelopmerit 
(IR&D) effort, with about one-third of the 
costs of this effort being provided by DOD. 
The purpose of IR&D is to allow defense 
contractors to develop their own ideas in 
areas of potential value to national security 
objectives, as distinct frorn the R&D they 
carry out to meet DiDD contract require- 
rnents. Cun-ently, essentially all of this IR&D 
effort is conducted In-hbuse by defense 
contractors, but the Defense Science Board 
recently recommended that 'Industry be 
encouraged to support work at universities 
through the IR&D route."22 Such a proposal 
is currently under discussion within DOD, 
and various ways of providing incentives to 
convince industry to channel sbrne portion 
of its current IR&D funds (DOD provides 
close to $1 billidn/year in IR&D reirriburse- 
ment to its contractdrs) or, more likely, to 
transfer newly provided funds to university 
r^earchers. The financial and policy implica- 
tions of such an initiative could be significant 
in coming yeare, as part of the emerging 
pattern of industry-university connections 
centers around defense- related R&D. 

Issues^eiated to DOD Support of 
Industrial R&D 

Earlier, it was suggested that defense indus- 
tries were highly specialized institutions and 
that their R&D activities rriay have little 
connection with nondeferise progress in 
science and technology. In one sense, this 
was not an accurate characterization; in the 
past id- 15 years, according to one recent 
D0D report 



the character of the defcjnse Industry has 
changed significantly. The large prime 
cbritractbrs arid rhajbr subcontractors are 
rib Ibriger stand-alone, brganizatlbhs 
devoted prirriariiy to defense business. 
The compariies have becbme elerherits 
of large rriulti-rriarket brgariizatloris arid 
rtiiist cqrripete iriterrially for the limited 
capital that is avaiilable....There are strong 
indications thait the return bri investment 
in the defense sector hais deteriorated... 
and that investment is going to the ribri- 
defense sector because of higher yields 
and lower risk. The situation is exacer- 
bated by the instability in the defense 
market, as evidenced by changing pro- 
gram requirements. As a result, the 
defense industry is under-capitalized.^^ 

_ Whether or not this is an accurate picture 
of the present situation, the current defense 
buildup, if sustained, is likely to rnake the 
deferise business an attractive proposition 
tb cbrpbrate managers. The results of a 
reerriphasis bn defense industries, from an 
bverall riatibrial perspective, require more 
extensive exarriiriatibri than Is possible within 
the scope bf this paper. A prominent 
ecbribrnist has suggested that one pressing 
issue is 

how the U.S. can rriairitairi the industrial 
strength to cdrripete with bther cburitries 
in civilian prdductibn and sales. The basic 
problem here is not so much brie bf bb- 
taining critical raw materials airid equip- 
ment, although there may be shbrtaiges 
of both, but is one of skilled workers- 
craftsmen, engineers, and scientists. 
Such people will tend to be attracted to 
military production: Defense contractors 
will entice workers away from civilian firms 
by paying higher sa[aries as they build 
up their work forces on a crash basis. 
But even if the salaries were identical 
there would be a tendency for the most 
highly qualified people to rnove into 
defense. For most engineers, such work 
is simply more excltlng.^^ 

Close observei's of the defense indusfiy are 
slightly mbre bptimlstlc about the capacity of 
U.S. iridustry tb perform additional defense- 
related wbrk withbut dislocations, in the 
civilian ecbribmy. Fbr example, the Defense 
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Econorritcs Research Report cbhcludes that 
"the large growth rates derriarided of the 
defense-supplying sectors relative to their 
recent lev/els of growth, the fact that these 
large QrwAh rates must be achieved across 
niimerbus industrial sectors, and the fact 
that they rnust be sustained for a iehgthy 
period all combine to provide a quantitative 
basis for the concerns regarding potential 
bottlenecks, lengthening leadtimes, and price 
pressures:" The report recognizes that ''the 
problem may be a real one of no n -trivia I 
significance," bat suggests that ''effective 
management, investment, and worker train- 
ing could lead to the avoidance of many of 
these problems."^^' 

The major issue relevant to this paper 
emerging from this analysis Is the likely 
demands from the defense industry on the 
Nation's pool of skilled scientific and erigi- 
rieenng personnel, This problem Is discussed 
in rnbre detail below. 

Another issue related to increased DOD 
sujDpbrt bf industrial research is whether the 
results bf that research will find their way 
ihtb the hbndeferise sectbr, so that they can 
be considered iri terms bf their potential 
economic or social benefits. Historically, this 
transfer process has been a major source of 
civilian technological innovation, at least 
according to most analysts. As defense 
systems become more specialized and dtetinct 
from nondefense analogs, DOD research 
investments may be more difficult to turn 
into results of broader general benefit to 
the economy. On the other hand, as has 
been the case in the pa.^t, new and currently 
unanticipated opportunities for civilian appli- 
cations with major economic payoffs could 
result from lines of research that DOD intends 
to support. Ensuring that the country gets 
maximum payoff from investments of public 
funds in R&D support, by DOD as well by 
nondefense agencies, will require cbntinued 
Government sensitivity to opportunities fbr 
the fibw bf defense techriblbgy into the 
cbrrimercial sector. Heightened concern 
abbut the need to cbritrbl access to sensi- 
tive technical irifbrrnatibri is aribther elerrierit 
that cbuld irtipiede the prbcess of techribl- 
bgy transfer frbrri defense tb nbndeferise 
applicatibns. 



Issues Related tb Scientific arid 
Ehgiheerihg Personnel 

An issue on which the interests of universities, 
Government labbratbries, and industry con- 
verge is the demand for, and supply bf, skilled 
scientific and technical personnel. Currently 
there _are sbrrie 1,600 vacant faculty positions 
in U.S. engineering schools, arid the Depart- 
ment of Defense currently estirriates it has 
5,000 unfilled civilian arid military bperiirigs 
iri science arid erigirieeririg. The Gbvemmerit 
arid the universities, each with their bwri 
salary cbristrairits, are cbrripeting with healthy 
arid grbwirig defense arid civilian industries 
fbr a linlited supply bf scientific aP'V par- 
ticularly, engineering professionals. The 
Defense Science Board reported recently 
that "bob and the country face a crisis in 
the availability of technical personnel." The 
Board also noted that *'over the Jong run 
t he univeraties and DOD wll have to respond 
to market pressures in upgrading their science 
and engineering staff:"^^ However, as one 
recent analysis reported. 

If present undergraduate enrollment 
trends persist, there should continue to 
be enough new graduates in most broad 
fields of science and technology to satisfy 
anticipated demands through the decade. 
However, spot shbrtages do exist in certain 
subspecialties, and others may develop. 
The greatest problems at present appear 
to relate to engineers and cbrriputer 
scientists. University faculties, the armed 
services, arid, in some critical fields, private 
iridustry are likely to cbritiriue to experi- 
ence difficulties iri recruitirig arid retairiirig 
qualified erigirieers arid cbrriputer scieri- 
tists, jDarticularly persbris with advanced 
degrees.^^ 

The POD research buildup includes in- 
creased support for undergraduate and 
graduate education iri science and erigi- 
rieeririg. In 1981, while DOD employed 
alrribst 230,000 scientists arid erigirieers, brily 
sbriie 21,050 studerits were receivirig DOD 
suppbrt bf sbrrie type, arid brily 50 graduate 
studerits were recipierits bf DOD fellbwships.^ 
In the niairi, the services are iricreasirig their 
suppbrt bf undergraduate educatibn through 
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their ROTC programs. The Navy requires 
^hat 80 percent of the recipients of ROTC 
scholarships major in science and engineer- 
ing: the Air Force^70 percent. The Army 
Hoes not have a similar policy, although it is 
under some pressure to do so: The services 
are also attempting to increase the size of 
their ROTC programs. 

Beginning in fiscal year 1983, DOB sup- 
port of graduate education is being sub- 
stantially increased. All three services plan 
fellowship programs with awards in rnost 
caises substantially larger than comparable 
fellowships frbrri nbndefenseLagencies. The 
fellowship stipend will be $12,000, with the 
host Iristitutibri receiving an additional $8,DD0; 
the total riurriber bf studente to be supported 
is approximately 100, DOD fellbwship pro- 
grarns are planned to increase in subsequent 
fiscal years, but clearly they will support brily a 
smaii fraction of the graduate students 
needed to meet DOD isquirerrierits fbr 
advanced training in science and engineering. 
University officials have suggested that DOD 
support up to l,ddd new graduate students 
each year but this seems unlikely in the 
current economic climate. ^ Of course, other 
graduate students are supported as research 
assistants on DOD-funded projects: the 
current estimate is that sorne 4,066 students 
rece've such support. One issue here is 
whether the comparative financial attrac- 
tiveness of DOD fellowships will attract a 
disproportionate share of the best under- 
§raduate_ science and engineering students 
iritb DOD -related work. Prbpcsals have been 
made that DOD fellowship programs include 
the jDrbvisioh that recipients work one year 
in DOD laboratories fbr every year of grad- 
uate support they receive, thbugh this Is not 
currently a requirement. 

One attempt tb steer prbrriisih§ ybunger 
students toward defense-related research 
deserves mention. In July 1981, the De- 
partment of Defense established a science 
and engineering apprenticeship prbgrarri fbr 
high school students to stimulate broader 
in^terest among students in science arid 
engineering careers and to establish individual 
workmg rejationshlps among students arid 
active researchers. The program is executed 
by individaal DOD laboratories and by the 



scieritific officers respbrisible for the Arrriy, 
Navy, arid Air Force research prograrhs. The 
rniriiriiurii age lirriit for the apprenticeship 
program wais relaxed by the Office bf Per- 
sonnel Mariagcrrierit tb allow employment 
of high school freshrriari arid sbphbrhbres. 
aged 14 and IS years. DOD spbrisbrs bf 
apprentices are jDarticularly encburaged tb 
refer promising graduates bf the appreritice- 
ship program to other DOD labbratbries iri 
the communities where the studerit interids 
to attend college. If successful these jDrbgrarris 
and referrals will direct studerit scieritists/ 
engineers toward defense-related research 
and issues and, perhaps, toward ultimate 
employment by the Department of Defense 
or its contractors: 

The role of DOD in support of graduate 
education in the United States is likely to 
remain relatively limited; however a recent 
review of defens.e R&D concluded that **an 
irivestment In 20 thousand more Ph:D,s in 
scierice and engLneering today — costing 
society perhaps $2 billion— will be worth, in 
terms bf rriilitary deterrence and national 
security, mariy tirries the $2 billion cost of a 
future division br airwirig."-'^ It seem unlikely 
that this kirid of argurrierit will carry rnuch 
weight as the cburitry considers how best to 
enhance its defense pbsture iri cbmirig years. 

Cbiicltisibn 

The major findings of this analysis have beeri 
identified earjier. but are worth restatirig. 
The tentative n^ature of these firiG.hgs should 
be emphas[zed2as the AAAS R&D analysis 
remarks, "in many respects it is still tod early 
to see the rea^ impacjs of changing funding 
patterns...the real jmpacts:::will not be felt at 
colje^ges and universities until some time in 
1983. and perhaps later."^'^* 

All bf those who have considered emerging 
issues In the U.S. research system of the 
1980s have identified the supply of weli- 
trairied erigineers. and particularly of engi- 
rieers with graduate degrees and/or who 
are U.S. citizens, as a major concern.-^^ This 
paper reiriforces that concern, and suggests 
that a majbr irripact of increases in DOD 
R&D budg.ns bverall is related to availability 
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of and cbmpetition for engineering taient: 
bob funding will go primarily to the aero- 
space industry for development of new 
military systems, and thisjnay wei! create^ in^a 
competitive personnel market with limited 
supply, a bias among individuals toward D0D 
work, since it will offer both exciting work 
and high salaries. Universities and perhaps 
even civilian industry may find it increasingly 
difficult to attract the best people, given this 
defense-industry competition. _ 

To meet the growing demand for scientists 
and engineers, U.S. colleges and universities 
will have to attract more well-qualified 
students to technical cbricentratibris arid 
increase the flow into the ecoribrriy bf 
graduates at the bachelor's arid, jDarticularly, 
the pbstbachelbr's level. There are likely to 
biZ irisufficient riurribers of qualified faculty 
available, especially in erigirieeririg schools, 
unless the current state of affairs with respect 
to faculty salaries arid working conditions 
is significantly improved. The Department 
of Defense has recognized this situation 
and is attempting to find ways to help 
ameliorate it. 

Attempts to reestablish a mutually satis- 
factoiy DdD-universift? relationship will most 
likely continue to create policy controversy. 
More generally, university leaders are ex- 
hibiting some ambivalence and skepticism 
about the changing character of Government- 
science relationships in general; some 
observers think_that "recent cutbacks in 
nondefense R&D are unprecedented and 
have significantly eroded the faith of rriariy 
members of the scientific corrirriuriityiri the 
underlying stability" of Goverrirrierit pblicy 
for academic scierice.'^*^ The prospect bf 
increases in research, iristrurrieritatibri, facility, 
and fellowship furids frbrri DOD is very 
attractive to universities that perceive them- 
selves iri difficult firiaricial cbriditibri. Yet, 
there are cbricerris about the conditions of 
DOD support, such as export control require- 
rrierits. arid about excessive dependence on a 
source bf funds that has had a "stop and 
gb'' recbrd of university support over the 
past two decades. A [3dD-University Forum 
has been created as a vehicle for discussion 
of such issues as science and engineering 
education, export control requirements, and 
foreign language and area studies efforts; 
DOD is attempting to involve itself more 
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actively in science policy discussions at a 
numbei^oj jevels; _ 

Tliis paper has concentrated on the effects 
of increased DOD support on the U.S. 
research sv^tem overall. But the relationship is 
a two-u«y jDath; there are irhpbrtarit questions 
related to the contribution of the Natiori's 
research sv^tem to its overall national security. 
A recent review of how to assure this cori- 
tribution concluded that **it is not possible 
to separate purely rriilitary activitii^ iri scierice 
and erigirieeririg developrrierit frbrri thbse 
that have brbader ecbriorriic, exploratbry, 
acaderriic, br serial ratibriales fbr their pursuit" 
arid stressed "the impbrtarit relatibriships 
that tie bur military R&D programs closely 
iritb the larger techriical problems bf our 
society.. ..Healthy military R&D can flourish 
only in a healthy overall R&D environment.'^^ 

Increases in DOD R&D fending, by them- 
selves, will not achieve the desired objective 
of improving the technological basis of U:S: 
national security: The effects of those in- 
creases must be evaluated in a systemwide 
contend, and national science and technology 
policy should be adjusted to facilitate the 
the adaptation of the U.S. research sysiem 
to changing priorities, requirements, arid 
funding patterns. Only by coordinated policy 
development can the United States receive 
the full benefits, in both defense and ribn- 
defense sectors, of Federal irivestrrierit iri 
research and develbprrierit. 
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Training and Utilization of Engineering 
Teehniefans and Technoldgisis 



Abstract 

The training and utilization of the '^technical workforce" — engineering technicians and 
technologists '.vho support engineering activities — has emerged as a serious national policy 
issue. Three dirpensions of the issue are explored in this paper: its relationship to the 
enhancement of productivity, the mismatch of technical training with jobs, and the c^rowing 
financial constraints on the institutions that train the technical workforce. Trends and 
develbprhents of the last decade underscore the need for better supply-demand data on 
this workforce aihd bri the job skills defined by geographic and industrial service areas. 
The cbrriplerrientary rbles bf fbur institutional actors— educational institutions, industry, 
Gbverhment, and prbfessibna! assbciatibris— are described and linked to the individual 
process of career choice. Industry's rble appears tb be pivotal in clarifying training and 
utilization ojDpbrtUnities for erigiheenrig techriiciaris and technblbgists in the United States, 
However, new patterns of cbbperatibn arid initiatives bri the part bf all fbur institutibrial 
actors are likely to be essential if the projected national heed for assbciate arid baccalaureate 
degree technologists is to be satisfied. 



Introduction 

Ai least since Sputnik I, science and engi- 
neeririg maripdwer has been a national policy 
issue. Orie cbrripbrient of this manpower is 
the **techriical vvorkforce"~erigirieering 
techriiciaris arid technblbgists whb support 
engineering activities. Althbugh the impbr- 
tanc? bf this nbn-Ph.D. arid rribstly iridus- 
trially empjbyed wbrkfbrce has beeri recog- 
nized, a gap in bur manpower kribwiedge 
exists. This paper seeks to analyze trerids 
and developments iri the supply arid derriarid 
of this workforce during the last decade, 
discussing the unique but complementary 
roles of vaiioi'.s institutional actors and pro- 
posing specific policy options for clarifying, 
and perhaps creating, twining and utilization 
opportunities for engineering technicians 
and technologists in the United States: 

There are at least three dimensions to 
technical training as a national policy issue: 
The first relates to the mismatch of training 
with jobs (the so-called underemployment 
question), the second to the growing financial 
constraints on the irstitutional producers 
of the technical workforce, and the third 
tb the enhancement of productivity. This 
section, provides a brief overview bf these 
issues. The riext section discusses evidence 
fbr the teritative conclusions reached in this 
bverview. 

Techriiciaris arid techriblogists eriharice 
riatibrial productivity by augmenting the 



engineering workforce. Technicians can be 
educated in 2 years rather than 4 years: 
While a technologist holds a 4-year bac- 
calaureate degree, a technician holds a 2- 
year assbciate degree in an engineering or 
an industrially related (nonhealth, non- 
business, or nonagriculture) technology.* 
But the definitibnal distinction associated 
with techriiciari-technologist training is 
rbutiriely igridred by industrial employers. 
For exarriple, techriblbgists are often classi- 
fied as engirieers. To blur the distinctibn 
further, assbciate degree technician graduates 
can easily continue their educatibn iri 
bachelor degree technology prbgfarris.^ 
However, it is very difficult for technicians 
to transfer to engineering curricula and 
receive credit for their past academic work.^ 
Consequently, there are discontinuities cre- 
ated by the educatoi^ (or producers) of the 
technjca[ workforce that are not observed 
by the consumers of that workforce: 

A related problem concerns a possible 
mismatch between student enrollments in 
technical courses and personnel demand. 
Technical educators can often identity areas 
of manpower shortage and are often in a 
position to sense the aggregate effects and 
trends of employers' demands over a rather 
long term. However, student enrollments 
rarely reflect these assessments. Most tech- 
nical educators agree, for example, that there 
are critical shortages of techaicians and 
technologists in computer software and 
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hardware, digital iristrurhentation and cori: 
trbl, corriiDuter-aided drafting, computer-aided 
rriariiifacturirig, energy, arid erivirdnmental 
systems. Yet, other educational areas that 
have a pereistently low derriarid often enroll 
large riurnbers of students. ■ 

The rriisrriatch of trairiirig with jobs rriearis 
that Arriericari industry uses many ehsirieers 
in pbsitibris rribre appropriate for technicians 
arid techriblbgists. As a result, many enjgi- 
rieers are underutilized by being assigned 
duties fbr which they have had little training 
or education. This, in turn, affects morale, 
productivity, and turnover: A short-term 
challenge, in a nutshell, is to set engineers 
free from such tasks: The pereisterrce of 
tnese practices on the part of American in- 
dustry seems to be due to three factors: 
insufficient knowledge of the capabilities of 
technical personnel, the inertia of past 
personnel practices, and the growth (plus 
inevitable variability) in technology educa- 
tion itself. 

The costs for providing such education 
continue to escalate. The 2- and 4-year 
institutions that train technicians today 
must cope wnth severe constraints on their 
ability (a) to attract and retain quality faculty, 
and (b) to purchase rievv equiprrierit. Tech- 
nology faculty need tb be farriiliar with the 
latest industrial techriiques; therefbre, they 
need brigbirig industrial experience. Indi- 
viduals with such skills are reluctant tb leave 
iridustry tb gb iritb education full-time where 
salary levels are low. And many educational 
institutibns do not differentiate in teacher 
salaries between high-demand and low- 
demand technical fields: 

Faculty for technician education programs 
have master's degrees, ^ically in education 
or engineering, or an equivalent bachelors 
degree and licensure: But neither engineer- 
ing nor education master's degree work 
advances the knowledge of the teacher in 
^the technology in which she/he must teach. 
Likewise, the few master's degree programs 
in technology are teaching programs rather 
than technology programs."* 

Because technology educatidri is at least 
as, if not more, equipment-intensive thari is 
science or engineering education, the wide- 
spread introduction of computers has rnade 
much existing equipment bbsblete and re- 
placement equipment very expensive. Few, 



if any, educational iristitutibris .seeiri tb have 
eribuqh mbriey tb devbte to the trairiirig bf 
faculty,. the develoiDmerit bf iristructibrial 
materials, br the purchase bf riew equip- 
ment. Whereas erigineeririg educatibri leads 
in the faculty shbiiage crisis, techriblb^y 
educatibri is rribst affected by the eqiiip- 
itierit crisis. If techriiciaris are beirig trained 
tb becbrne productive practitibriers imme- 
diately upbri graduatibri, they need to learn 
how tb operate state-bf-the-art industrial 
equipment. 

If technology educational institutions are 
not able to afford modern equipment and 
training of faculty, an educatjonal ss^tem 
that should lead the Nati^on^s technology 
is apt to fall bahind prevailing practice in 
industry: Indeed, industry is compelled to 
institute extensive on-the-job (re)training 
programs, diverting talented individuals 
(both the industrial trainer and the company 
neophyte) from the productive work they 
could otherwise do. Thus, the financial 
constraints felt In the training capacity, bf 
educatibrial institutibns could have far- 
reachirig effects, coritributirig bbth tb the 
underemplbymerit arid "wbrker-readiriess'* 
prgblerins arid, ultirriately, tb lags in cbrripariy, 
iridustry, arid riatibrial prbductivity. 

The preterit terideriq^ to misuse both erigi- 
rieers arid techriiciaris cbuld alsb affect 
prbductivity. Iriasmiich as erigirieers iri the 
Uriited States are rib longer educated for 
the shop (now the province of the *'crafts- 
man"), the industrial plant, or the ?"boiBtory, 
it istt>chnicians and technologists who.must 
do this work. Yet, at present, fer fewer tech- 
nicians and technologists are g^duated than 
engineers: With the advent of the *'high 
technologies'' — which typically involve 
electronics and computers in their imple- 
mentation — industry must recognize who is 
trained to do this work, and then title and 
utilize these personnel accordingly. The 
effectiveness with which this is done has 
implications for the larger issues of produc- 
tivity and technological competitiveness. 

Trends arid Develbptfients 



Technical Manpower Statistics 

Plaririirig educatibrial prbgrarris that pre- 
pare individuals tb enter specific niches iri 
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thi2 workforce require! reliable statistical 
information and projectibris. To the extent 
that statisticaj infoirnatibri arid cbn-espbridirig 
occupational definitions are lackirig, hUrriari 
and economic resources are inefficiently 
expended and the needs of individuals and 
empk^pers aHke are not met. 

Depending upon the sources of the sta- 
tistics, and there are many, infomiation on 
specific occupations varies greatly. Tradi- 
tional professional personnel, such as sci- 
entists, engineers, accountants, and architects, 
and easily identified craft occupations, such 
as barbers, machinists, and carpenters, tend 
to be accurately counted. The less under- 
stood and inconsistently defined occupations, 
such as technicians, receive short shrift, 
usually in the form of gross statistical aggre- 
gation or partial coverage. A review of Fed- 
eral statistical sburces (Department of Labor, 
Departrnerit of Cbrrirrierce, and the National 
Science FbUndatibri) airid commercial, and 
professibna! research publicatibris (rbn- 
ference Board's Help Wanted Index, Scien- 
tific Manpower Cbmrriissibn, Arriericari 
/teociation of Engineering Societies [AAES] 
and National Society bf Prbfessibnal Engi- 
neers [NSPE]) yields the cbnclusibn that 
dearth of informatibn 
on engineering technology and that what is 
available generally lacks the detail neces- 



bary lor eaucaiionai ana career planning. 

Nevertheless, some general trends, by 
degree level and curriculum category, can 
be discerned. For example, the Department 
of Education reports that for the 10-year 
period between 1970-71 and 1979-80, the 
number of associate degrees (at least 2 but 
less than 4 years of postsecondary work) 
conferred showed the largest numerical 
increase arribrig all levels of degrees. The 
largest increases also occurred In science- and 
enginecring-rciated occupational cumculum 
categbries, with wbrrieh experiencing greater 
categbric^^.l gains in the percentage earning 
associate degrees in techriblbgical areas. 
Overall, 2-year institutibris cbriferred an 
average of six times mbre assbciate degrees 
than 4-year institutions bver the decade, the 
1979-80 ratio being 350,000 tb 60,000. 
Public institutions conferred 85 percent 
of these associate degrees.^ 

T^A*^9^ disaggregated, profile 

of associate degree conferrals is presented 



iri Table 1. It sumrriarizes occupatibhal cur- 
riculurri totals divided first by "science- and 
erigirieeririg-related" vs.. "nbriscierice- and 
nbrierigirieeririg-rejated" categ6ries_^..and 
then by techriblbgical area vyithiri each. These 
areas are shbwri by sex and curticulurri type 
tb illustrate the current supply-side cprifigura- 
tion as we entered the 1980s. Note that 
the '^mechanical arid erigirieeririg tech- 
nologies" area is second brtly tb **health 
services and paramedical techriblbgies'' iri 
total associate degrees awarded and first iri 
awards based on 1-2 year curricula. 

Demand statistics are more difficult tb 
find. Operational definitions of the many 
types of engineering technologists are «till 
not widely available and hence preclude 
sufficiently large numbers of employers from 
incorporating the title "engineering technol- 
ogist" into their manpower plans: Estimates 
bf the technician workforce — engineering 
and science technicians are treated as cate- 
gorically t_he same— -hover around 1 million: 
A 1980 Bureau of Labor Statistics (BLS) 
bulletin offers a 1978 employment figure 
of 600,000,^ while a more recent Occupa- 
tibrial ErriiDloyrrient Statistics projection 
rriatrix lists the sarne category bf_t_h_e work- 
force as tbtalirig 1.25 rriillibn in 1980. About 
80 percent wbrked in jDrivate industry. And 
within the manufacturing sector, the principal 
empioyers'lvgre-th e c lcctricQr c quipm efrt;^ 



chemical, machinery, and aerbsjDace iridus- 
tries: The Federal Government errijDibyed 
approximately 100,000 technidans in 1981, 
with the largest number located iri the 
E)epartment of [defense. 

According to a joint 1980 Natibriail Sci- 
enj:eJ^oundatiqn/Department of EdUcatibri 
report,^ the dcrnand for technicians, tech- 
nologists, enjin^eers^ and scientists will 
rfe>main strong through the 1980s. There 
mil be over 30 percent more new Jobs in 
those fields during the decade: A 1981 Sci- 
entific Manpower Commission report^ pegs 
the demand at 375,000 new jobs for engi- 
nee ring and science t^ciinicians and places 
the overall grovSh rate^at 38 p^^ 
1978 to 1990, The employment outlook is 
Uriifprmly excellent, as summarized in Table 2. 

The lack bf a specific category for tech- 
riblbgists suggests that they are included in 
Urikribwri proportions in the engineer and 
techriiciari data. However, by deriving the 
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Table 1 



Associate Degrees and Gthcr Awards Based on Occupatjbhal Curriculurhs, by 
Length and Type of Curriciilujn and by Sex of Rccipicht: 
United States and Outlying Areas, 1979-80 

Awards based on organized occupational curriculums of— 



Cu rriculum 

Occupational cur- 
riculums: total 

I. Science- and tingi- 
nee ring- related 
curriculums . . 

A. Data processiiig 
technologies 

B. Health services 
and paramedical 
technologies 

C Natural science 

'echnologies 
D. Mechanical and 

engineering 

technologies 

II. Nbnscience; ajid 
nonengineering-related 
curriculurris 

A. Busiriess arid com- 
merce technologies 

B. Public sen/ice- 
related techn ologies 



Al^awards 



353.333 158.647 194.686 

193.532 96.510 97.022 

15.147 7.525 7.622 

86.647 10.322 76.325 

19.214 11.536 7.678 

72.524 67.127 5.397 

159.801 62.137 97.664 

124.485 44.512 79.973 

35.316 17.62 5 17.691 



At least 2 years but less 
than 4 years 



278.555 127,191 151.364 

144.703 70.948 73.755 

12560 6.616 5.944 

66.452 8.222 58.230 

14.431 8.743 5.688 

51.260 47.367 3.893 

133:852 56:243 77:609 

102.557 40.591 61.966 

31.295 15.652 15.643 



At least 1 year but less 
than 2 years 

74.778 31.456 43.322 

48.829 25.562 231:67 
2.587 909 1.678 

20.195 2.100 18.095 
4.783 :*.793 1.990 

21.264 19.760 1.504 

25.949 5.894 20.055 

21.928 3.921 18.007 
4.021 1.973 2.0^18 



Total Men Wbrrieri Tdtial Meri Wbrrieri Total Men Women 



Source: U.S. Department of Education. National Center for Education Statistics. Digest of EdUcaVtoh Sioiisiks. 
Table 123 (adapted): 



projected average annual growth in the 
technician labor force frbrn Table 2, under 
Low Trend and High Trend II (conservative 
economic bptirhisrri) assurriptibris. and com- 
paring the supply bf gradtiates from Accredl- 
tatibn Bbard fbr Engineering arid Tech- 
riblbgy (ABET)-accredited programs, an 
indicatibri bf hbw demand is being met can 
be inferred. There appears to be a consid- 
erable uridersupply bf technology graduatKi^ 
but the data iiiclude neither Bachelor of 
Science in Engineering Technology (BSET) 
nor any industrial technology degree statis- 
~-tics, a total of more than .19,005 a^d^^^ 
technology degrees. When these are con- 
sidered, the »^ES-estjmated shortfall of 
16.000-20.000 disappears,^ This suggests 
that there is an ampie supply of technology 
manpower to cope with demand. It also 
leaves the supply from all nonaccredlted 



schools not included in the AAES estimates 
to compensate for elasticity, deaths: and 
re^'rements of the technicians and technol- 
ogists who move into jobs that are mistakenly 
counted in the "engineer*' category. 

The stat[sjics indjcate th^t any expansion 
of technology education programs should 
be very carefully evaluated, not only on the 
basis of national projections, but on the 
assessed needs of the geographic service 
area of the program."* Although national 
data may suggest that a. near balance of 
techniciaji supply-demand exists, needs for 
more individuals .with certain technical 
specialties in specific geographic areas earn 
also exist to justify new br expanded tech- 
nical programs, Clearly, a rriajbr bbstacle tb 
educational planning is the very lirriited 
breakout of technical specialties repbrted 
in national statistics. This uriderscbres the 
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table 2 

Labor Force Projectibhs for Engineers and Technicians (1978-1990) 



Employment (in thousands) 1 978 



Techriiciari/ 





1978 


1990 


1990 


1990 


Engineer 


Occupation 

_ . 




tow/ Trend 


High Trend 


High Trend II 


Ratios 


All Engineers 


1.071 


1.5G4 


1:624 


1:531 




AeroAstronaulical 


57 


98 


104 


IDO 






53 


68 


73 


70 




Civil 


149 


208 


218 


211 




Electrical 


291 


441 


479 


448 . 




Industrial 


109 


.146 


159 


148 




Mechanical 


199 


274 


300 


279 




All Engineering & Science 












Techriidaris 


1.160 


1,577 


1.700 


1.609 


1.08 










Drafters 


293 


412 


446 


419 




Electrical & Electronics 


319 


464 


512 


478 


1.10 


Industrial 


31 


40 


44 


41 


0.28 


Mechanical 


45 


61 


67 


62 


0.23 


Surveyors 


54 


73 


78 


76 


0.36 



Source: Sciehtifii: Manpower Cbrnrnissibri. O^jtbber 1981. 



need to consider an educational institution's 
geographic service area In the planning of 
techriiciari tralriirig programs.. 

IhstitutiORal Actors arid Roles 

Several institutional actors have already 
be en identified participants in the process 
of educating and employing the technical 
workforce. Foremost, these include educa- 
tional institutions and industrial employers: 
Underlying their effectiveness, however, are 
the linkages and barriers that affect career 
choice, attracting and repelling individuals 
from occupational niches they are more or 
less trained to fill. The matching of trained 
talerits to jobs goes well beyond national 
supply-demarid statistics to changing well- 
entrenched peroeptibris arid practices. 

The Indastriai Counection. In his book 
on occupational education and industry*^* 
the late Samuel M. Burt cited ^'confusion 
on the part of industry concerning how to 
work effectively with the schools" and "dis- 
illusionment on the part of indostry:::to 
establish effective relationships with edu- 
cators" as major obstacles to responsive 
occupational education programs. In tech- 
nology education, those obstacles have 



become formidable: One language that is 
understood by both industry representatives 
and technical educators is a job task state- 
ment inventory for each technical field: 
Despite the investment of considerable 
Federal funds In computerized job task 
banks intended to serve occupational edu- 

statemerits existed for any field as late as 
1976. Since such statements are critical to 
irriplerrieriting a job-related, individualized, 
cbrriputer-gerie rated arid cbmputer-scpred 
certifi cation exarriiriatibri systerri, the Insti- 
tute fbr the Certificatibri bf Engineering 
Technicians (ICET) uridertbbk iri 1976 to 
create job task iriveritbries for the rriariy 
fields bf erigineeririg techrlblbgy. These jbb 
task inventories proved tb be an effective 
language for cdmmunicatirig with rriariy dif- 
ferent employers, examination cbmrriittees. 
Government officials, educators, arid erigi- 
neers. They also appear effective as career 

guida nce tools. . _ 

Similarly, job descriptions reflect em- 
ployee' decisions in structuring specific 
positions: These positions often differ from 
employer to employer because of firm size, 
type of business, capabilities of employees, 
and other factors. Therefore, management 
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decisibris are made to accomplish a rrifeibri 
utilizing particular manpower cdrifigiiTatibris. 
As a result, erhpilbyers tend to assign dif- 
ferent duties tb persbns with the same tech- 
nical background. 

These differences are esjDecially notice- 
able in descriptions used by Gbv/errirrierit 
agencies arid private firrris as opposed to 
military brgariizatibris. The riiisrriatch of edU- 
catibrial requiremerits for job assigrirrierits 
is due largely to time constraints in the 
military training prdgrarn arid the narrow 
job tasks associated with most military tech- 
nician assignments. But the mismatch can 
be identified and managed by utilizing a 
matrix of courses by job tasks. Some of the 
job tasks and courses, of necessity, need to 
be broken down to fit the military system, 
but a considerabie portion of the require- 
ments tams out to be common to the military 
and civilian sector, thereby creating new 
opportunities for military-civilian educa- 
tional cooperation. 

Industry also responds to its training needs 
developing materials on specialLzed tbp>ics. 
Aside frbm those of a prbprietary nature, 
these materials canjbe made available tb 
technology schools, Cbntemporary technical 
educators, pressed by the rapid exparisibri 
of techriolbgicaj knowledge, rriust realize 
that ari eritire field bf technolbgy carinbt be 
irriparted to studerits iri 2 years. Iri any tech- 

^l€aM4 eld 7 fH e Ml eh-vaiqatioF 
tasks overs hadbw the rrieager sarriplirig 
fburid iri 2-year techriiciari curricula. Civil 
erigirieeririg tecllriblbgy, for example, iri- 
cludes highway desigri, cbristructibri, mate- 
rials testing, surveyirig, traffic engineering, 
buildings, structures, water systems, rail sys- 
tems, wastewater systems, erivironmental 
protection, safety, dams, waterways, and 
ports. Beyond an underlying core, the 
educator is confronted with an array of 
alternatives from which she/he must select a 
major part of the instructional program: At 
the point of specialization, employer input 
of specif c job tasks can assist the educator 
in making critical choices of curriculum and 
course content for the school's geographic" 
service area. Once the choices are made 
for required and optional content, industry- 
produced training materials can contribute 
to the quality and relevance of the program. 



Even using a job task irivehibry, hbwever, 
the technical educatbr shbuld bbtairi em- 
pibyer inipui thrbughout the service area. 
With ever-shririkmg school resburces, edu-. 
catbrs have neither the tirrie npr funds tb 
desigri and irripjerrierit cbst- effective prb- 
grarris by themselves. The alternative is mis- 
aligried techriical educatibri jDrbgrarris, 
urirccbgriized erriplbyer pbteritial, arid the 
Ibst bppbrturiity tb biririg erriplbyers arid 
practicirig erigirieers, techriblbgists, arid 
techriiciaris iritb curriculum design arid the 
teaching process per se. 

Career Choice. Where does the technical 
workforce originate? Early educational ex- 
periences and aspirations initiate a process 
that results in ''career choice:" This decision 
is a subjective response to the cumulative 
social images and pressures that family, 
friends, teachers, and others bring to bear: 
These "others" are often professional organi- 
zations. For example, guidance materials for 
engineering and technology^re produced 
by the National Executive Cbrnrnittee bn 
Guidance (NECG) bn_ behalf of the engi- 
neering prbfessibn. NECG includes repre- 
sentatives bf_NSPE, ABET, and the Arnencan 
Society for Erigineering Educatibri (ASEE). 
Millibns of bbbklets arid brochures have 
been distributed to secondary schbbis 
throughout the Uriited States. Exhibits are 
^-at4he-aririual-GbnfereriGes-bf-the— 



Natibrial Scierice Teachers Assbciatibri arid 
the Arriericari Persbrilriel arid Guidarice 
Assbciatibri. Films arid slide shows are 
made available, arid kits for preseritatibris 
by erigineers are sold for a ribminal sum. 
Iri additiori, NECG provides input to literally 
hundreds of commercial guidarice publica- 
tions that include engineering and tech- 
nology. But many guidance counselors knotv 
little about career opportunjties in engi- 
neering technology: And much of what they 
do know seems to be outdated or derived 
mainly from media comments and porta^ls: 
Perhaps the chief problem confronting 
technical education as a career choice is 
""the general lack of understari^rng~of~th~e~ 
associate degree. Parents, educators, and 
students identify the baccalaureate degree 
as the key to success in life. Compounding 
this are salary surveys that consistently con- 
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firm the fiharicial advantages of higher 
degrees. Little is iDublicized coricerriirig job 
satisfaction, wbrSirig cbhditibhs, arid out:^2ts 
for creativity— all of which do riot auto- 
rnatically follow receipt of a 4-year degree. 

Students must be rerriirided, too, that a 
technical education is but a start in brie's 
career course. Cooperative pfbgrams provide 
experiences thn^ familiarize students with 
actual work conditions, practices, equipment, 
and problems. This facilitates the trarisitibri 
from school to work and gives the student a 
chance to rectjty shortcomings in his/her 
preparation: DesfDite the operating expense, 
cooperative education experiences receive 
almost universal praise from students and 
employe s. 

When one considers that technology and 
its career opportunities are constantly ex- 
panding, increased support, especially frorn 
business and industry, should be forthcoming 
to the iristitutibns entrusled with training 
the technical workforce. The forms of this 
support arid cbbperatibn are explored next 
as policy • v^tibris. 

Policy Bptibhs 

In this cbricludihg sectibri, several specific 
policy options are proposed. Each is dis- 
cussed with reference tb brie bf the fbur 
institutional actbrs introduced abbve— 
ptofessional associations, industry, educa- 
tional institutions, and Government — who 
are seen as the loci of initiatives for fostering, 
coordinating, and implementing acfion 
among the producers and ernpioyers of the 
technical workforce: 

Professional Associations 

Because engineering-based associations arf? 
most sensitiv*:; tb trends and need?, cccurii: 
in technician/technology training, they are 
in a key position to Inform, debate, and 
exert pblicy prpviures On both the educators 
arid the erriploy^rs of the technical work- 
force. But the erripirical basis for such action 
lies in the cbllectibn, arialysis, and dissem- 
iriatibri bf rriaripbwer statistics. Building on 
tiie effbrts bf the Natibrial Sbciety bf Prb- 
fessibrial Encjirieers arid the Erigineeririg 



Manpower Commission to monitor the 
prbductibri bf technology associate; bac- 
calaureate, and masters degrees; profes- 
sional a^ociations. should act as inforrnafion 
clearinghouses. They can focus attention 
bri iridustry needs, especially sectbral and 
geographic differences in bppbrtunities for 
technician/technology specialties. Devel- 
ojDirig data through emplbyrrient surveys 
bri supp V sirid demand is an Immediate need; 
augrrierited job task inventories would clarify, 
bver the brig terrri, jbb titles and descriptibns, 
prerequisite skills, arid career paths. 

A cbritiriuirig furictiori^ too, is the provi- 
sion bf guidarice irifbrrriatibri about technical 
careers. Prbfessibrial assbciatibris recognize 
that the mairiteriarice bf techriical skill is as 
much a problem as mairiteriarice bf equijD- 
ment. As products become bbsblete, sb 
does the workforce that desigris, rrlakes, 
sells, installs, tests, and services thbse prod- 
ucts. Thus, as production changes, so must 
state-of-the-art technical training. Accredi- 
tation exerts influence here, as do profes- 
sional associations: But they can do more, 
namely, by acting as a broker between the 
principal institutional actors to bridge gaps 
and identify strategic points of articulation: 

indastry 

Iridustry should invest bbldly in underwriting 
techriical education — especially equipment, 
tirrie-shared persoririeK and cb^nitlve inputs 
tb curricula. They would be doing this for 
their bwri good. For brily by blurring further 
tiie Q-'-'stiriclibri betweeri educatibri as pursuit- 
of-degrec and trairiirig as bri-the^ob work 
ejq.->?ri«nci2 will iridustry sjDare itself the later 
e>q3snse of exterisive fetrBiriirig. Nevertlieless, 
bringing the job iritb the classrbbrri is rib 
small feat. It requires ari outreach effbrt that 
identifies a service area in which educatibrial 
institutions are willing to engage in cbbp- 
erative internship programs. Inasmuch as 
faculty shortages^ equipment deterioration, 
and crowded facilities are common today 
in technblba; schools^ such jndusby initiatives 
should indeed be welcomed: 

Industrial subsidy of technician/technolo^ 
training could emulate the "acadernic- 
industrial" model occurring in bioengineering 
and micrbelecironics.^2 High-technolbgy 
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corporate sponsors are donating equipment, 
providing matching funds; sharing laBora- 
tory facilities, offering jDersonnel as iDart-tirne 
faculty, arid contributing student fellbu^hips 
and loans. These are innovations that are 
becbrriih^ necessities. They carry induce- 
ments of cbst-effectiveness and rejuvenation 
of personnel, while redefining the boundaries 
separating institutional actors. Given ecp: 
ribmic realities and the pocl^ets bf successful 
cooperation between education and industry 
throughout the United States, the earlier 
arid more salierit iritrbductibn bf Iridustry to 
the trairiirig process looms as a basic rerriedy. 

Educatidhal Ihstitutibhs 

The reciprocal role that educational insti- 
tutions should play if industry initiatives are 
to succeed should be ob^nous: If such rela- 
tionships are seen as partnerships^ vvith 
industry supplying most of the financial 
capital and education most of the human 
capital, everybody profits: 

Technology education is still largely 
dependent upon engineering school grad- 
uates for its teachers. The limited number 
of baccalaureate (8469) and master s (30) 
degrees in technology in 1981 severely 
restricts the pobi of potential instructors for 
technolbgy schools. Industry represents 
a source of skilled part-time faculty. In addi- 
tion, active industrial advisory cbrrirnittees 
should become an essential elerrierit of every 
technician curriculum. Iristitutibns bfferirig 
techriblbgy curricula, need to have the 
cajDability bf revisirig, updatirig^ initiating, or 
phasing but prbgrarris. The Accreditation 
Bbard for Erigirieeririg arid Techridldgy 
cbritributes to this review process. Yet, at 
preserit, obsolete curricula cdritiriue for 
years while riew dries are deferred because 
iristitutldrial procedures promote conserva- 
tism. Institutional response time can often 
be cut by using computers and instructional 
modules in the educational approach and 
by creating departments where emerging 
technologies can be tried with experimental 
curricula, cooperative education, and even 
temporary faculties. 

Finally, good students are attracted to 
careers that afford opportunities for advance- 
ment. To ensure a supply of quality associate 



degree technicians, it is therefore advisable 
that 2-year iDrograms articulate with 4-year 
baccalaureate technblbgy iDrbgrarhs. Abbut 
20 iDerceht bf the assbciate degree graduates 
go bn ib advanced technblogy degrees. 
About 50 iDercent will seek to advance their 
e^ducation at some time later in their careers. 
This "career ladder" could be reinforced by 
forrnal agreements between associate degree 
and bachelor degree institutions. (In state 
university systerris, unfortunately, this has 
beeri difficult to achieve.) The career ladder 
begins iri high schbbi with vbcatibnal edu- 
catibri tracks. Here, the rriath arid science 
cbriterit rriust iricrease so that graduates of 
vbcatibrial pfdgrarns will be able td raise 
their aspiratidris updri graduatidri frdnl high 
schddl arid eriter a techriician program in a 
high-techridldgy field. Iri sum, the evidence 
that students enter vocational programs 
primarily because of perceived job status 
and intrinsic interest, and not because of 
academic ability,'"* should be heeded by 
technology educators: 

Government 

The Federal Government has an interest in 
the development of the technical workforce 
for the defense and productivity bf the 
Natibn. Indeed, Washlrigtbn should maintain 
thbse programs that contain incentives for 
cooperative funding involving hbri^bverri- 
rrierit actors. One way is through srriall 
matching furid grants that could be rriade 
available fbr iristructibrial labdratbry equip- 
rrierit. The bther half bf the rriatch cbuld be 
jDrbvided by either iridustry, a private fduri- 
datidri, dr the educatidrial iristitutidri, giveri 
that the techridldgy prdgram is beirig cdri- 
sisteritly suppdrted by iristitutldrial capital 
equipmerit furids. That way, the riew furids 
cari make a significant difference. 

Perhaps the greatest short-term assistance 
that the Federal Government can offer is 
the disseminati,':^n of guidance information 
on technician/technologist careers within 
the Federal Government itself. Civil service 
classifications for technicians and tech- 
nologists should be refined in such sources 
as The Dictionaiy of Occupational Titles, 
Occupational Outlook Bandbook. and 
DccL/paf/ona/ Census Data, and then 
**advertised." 
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. The baint of Government action; however, 
should occur at State and local levels; For 
example, recent efforts in ten States to 
make legislators aware of the dirnensions 
of the engineeririg education crisis resulted 
in special. appropriations_ in excess, of $40 
rhillibh of aid. In four States, differential 
pay increases were approved and jmple- 
rrierited for erigiheerihg faculty members — 
an achieverrierit long believed to be unat- 
tainable. Uhfbrtuhatelv', techriicir.h'i and 
technblbgists hav/e hot achieved a sirriilar 
level of drgani^atidn M erigendvririg aid to 
their type of edi;icati^?^v ''^ In Stf\te university 
systems, it is difficuil to convey the equip- 
ment, staffing, and pei-6tudent instruction 
costs to legislatures u\\d boards of regents 
dominated by a 'liberal arts" dr. cdnver&ely, 
a "Proposition 13" meinfality. 

There are several speciific actidns that State 
and local governments should consider. First, 
they could earmark more educational funds 
for instructional equipment in ^.echnology. 
These funds could then be awarded to 
"^technology departments as line items in the 
budget for equipment or made available for 
State equipment grants in response to 
solicited proposals. Second. State boards 
should monitor institutional responsiveness 
to the rapid_changes inherent in technical 
education. Curriculum innovation should 
be encouraged, especially in those Institu- 
tibris that regularly undergo periodic external 
(ABET) accreditatibri review by specialists. 
The awarding bf Assbciate in Arts (AA) 
degrees iii techriblbgy by vb-tech schbbis 
will intensify cbrripetitibri arribrig accredited 
and State-funded 4-year techriblbgy iristitu- 
tioris already labdririg lirider severely sttairied 
budgets. Third, State bdards shduld alsd 
encourage articulatidn between high schddl 
vocational programs and higher educatidri 
technology programs. A career ladder 
approach to developing a highly qualified 
technical workforce should be exploited. 
High school vocational programs should 
provide the option of entry into college 
technical programs. Associate degree pro- 
grams should not prevent graduates from 
transferring, with advanced standing, to 
baccalaureate degree programs in tech- 
nology. Graduate programs in technology, 
as opposed to ehgiheerihg or education^ 



should be carefully nurtured to provide a 
stream of faculty for technology programs 
at levels commensurate with local and 
regional industrial needs: 

Policy Cbhclusibhs 

State agencies, in concert with national 
professional associations and their local 
chapters, can act as catalysts to facilitate 
interaction among all institutional actors on 
topics of mutual interest: educational pro-, 
grams emplo^r fiGeds; ocoapational titles, 
faculty qudifications; and \2quipment needs. 
Throivyh such interaction; the training and 
utiji;:ation of engineering technicians and 
technologisis u^ll be fully appreciated as a 
policy issur? distinct from, but integrally 
related to. the productivity of science and 
engineering manpower in the United States. 
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National Security Cohtrols and 
Scie ntific liil orifiatidn 



Abstract 

As part of a broad effort to stern the outflow of U:S. technology to the Nation's military 
adyersaries and to maintain our technological lead, the Government appears increasingly 
willing to restrict the dissemination of scientific research information to foreign nationals 
at scientific conferences, in American classrooms and laboratories, and through publication. 
The research community, both academic and industrial, has e>^ressed serious concern 
about the substance and procedures of those restrictions, about recent enforcement 
practices, arid aibbut the process by which the rules of the garne are established:^ 

The issues posed are difficult and complex, and their resolution requires a clearer 
clefiriitibri of bur natibrial security objectives. It also requires a clearer understanding of 
whether the varibus cbritrbis ribw iri use or under consideration will be effective in prevent- 
i:uj ? hv,<i in America's techriblbgical lead over the Soviet Union and can be adrninistered 
vrrhout imposing unacceptable ecbribrriic, adrninistratlye, scientific, or politicai costs on 
American society. It is likely that brbadly drafted rules of general applicability will generate 
problems than thbse that can be refined on a case-by-case basis, tailored to 
the particular setting and the particular technblogy. Mbre specifically, it appears that export 
^^"j^?'^ A^L^^^i^'^ information are nbt likely to be cost-effective. Although somewhat 
9''^^*^^ P!^i^J_^i^^_^_^^^^" authority tb' classify Gbverrirrient-pwned or Governnient- 

^^^^^^^^^.^J^l^^^ foreigners access tb the Uriited States might be appro- 

^^^^^\^^^^^P dialogue between the Gbverrirrierit arid the scientific 

community and increased reliance on contractual restrictibris iri federally sponsored 
research offer the greatest promise of success. 



Introduction 

Advanced technology underpins the Nation's 
military strategy and its economic strength. 
Car military stratea/ depends on maintaining 
technological superiority to counter the 
quantitative sup<3riority of the Warsaw Pact 
nations; our trade position, heavily reliant 
bn the export or domestic purchase of goods 
arid services involving sophisticated tech- 
riblbgy, depends bn maintaining a tech- 
riblbgical advaritage over current_and 
pbteritial cbrrirriercial competitors. Both 
depend prirriarily bri creative scientific 
research arid cbritiriuirig technblbglcal 
innbvatibn arid leadership. But bbth also 
depend on denying, br delaying the transfer 
of, some of that new scierice arid techriblb^ 
to certain users and for certairi purpbses. 
Because rapid scientific and 'echriblbgical 
progress flourishes best in an open erivirbri- 
ment^ there is a constant in-built tensibn 
between creation and suppression. 

Laws and regulations restricting the dis- 
semination of scientific and technological 



information for natibrial secijrity reasons have 
existed for many years. Classificatibn arid 
restrictions on the expbrt bf techriical data 
have been well-established features bf 
American society since World War II. Such 
controls, however, were traditionally applied 
to a vei^ narrow range of scientific infbrma- 
^}^^^ Four interrelated developments have 
^??^lP°jI^_^_^^^^'^^ ^PP^y controls more 
broadly and made it rnore likely that such 
controls wiW seriously affect American science 
and technology. 

First, America's relative strength compared 
to that of its allies and of its adversaries has 
changed substantially. In the early postwar 
period, the United States, undamaged by 
the war, had bbth an overwhelrrilng com- 
niercial advantage and a parallel techno- 
Ibgical advaritage resulting from the wartime 
effbrt withiri the United States and the inflow 
bf talerited scientists whb had fled Hitler's 
Eurbpe. That eo3ribrriic arid military position 
has erbded. Where brice a unilateral U.S. 
decision tb withhbid gbbds or techriblbgies 
from the Sbviet Union might have beeri 
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effeciWe, today the successful irripbsitibh of 
riatibrial security cbritrols requires the cbojD- 
eratibn of bur allies, principally through the 
Cbbrdiriatirig Corrirriittee (COCOM). Sirri- 
ilarly. where three decades ago Arriericah 
science and techriblbgy were suprerrie arid 
substaritia!ly self-sufficierit, today Arriericari 
science, techndlbgy, and industry fr-equehtly 
rely on the knowledge — and the man- 
power — of other nations. This relative ero- 
sion of American power and an accompany- 
ing perception of vulrierability seems to have 
Increased the Nation's urge to control even 
as its ability to do so uniiaterally declined. 

Second, technology export is more fre- 
quently perceived as an important contnbutor 
to America's military and commercial vul- 
ncrability: The Government is increasingly 
corxemed that purchased or stolen American 
technology is an important component of 
Soviet milirary strength: barge segments of 
Americcin society believe that unwise tech- 
nology exports have accelerated commrrcial 
competition 'ooth from industrialized nations 
such as Germany and Japan r^nd_ from 
advanced developing nations such asTi^iM^n 
and South Korea. Those who advbcate 
siricter national security cbntrols may rriake 
cbmmbn cause with those wHose priricipal 
concerns are cbmriiarcial, thereby blurririg 
the irripbrtarit disiinc:ibris between the twb 
sets bf cbricerris. 

Third, ais pressures tb cbritrbl irifbnnntibri 
increase, sbrrie haive begun tb questibn the 
ldrig-acce[Dted premise that unclassified, 
hdn proprietary research in general and 
university-based research in particular would 
not be controlled except in the most unusual 
circumstances. Although all agree that most 
university research raises no national security 
concfirns, many universities are riow per- 
ceived as doing the kind of applied research 
once found only in commercial or govern- 
mental laboratories, and even basic research 
is more likely to be seen as having near- 
term applicc'bility. Recent acceleration of 
industry/university cooperation in a number 
of fields, important to continued technological 
advance, contributes to this perception. If 
university research resembles other research, 
there is a strong argument that it should be 
similarly controlled. 

The last major devejbpment,clbs^iiy related 
tb the 'x^eakeriirig bf America ri techriblogical 
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suprerriacy, is ths jricreasirigly interriatibrial 
face bf science arid bf the Americari research 
cbriiriiuriity arid the heightened role bf the 
niultiriatibrial cbrpbratibri. Over 40 percerit 
bf all citations fburid iri U.S. journals are to 
fbreigri publicatibris, and large numbers bf 
collabbrative research projects cut acrbss 
riatibrial bburidaries.^ The Arriericari carripus 
is similarly iriternatibrial. In sbrrie fields, 
almost half bf all doctorates are awarded tb 
foreigners-^ — many of whom theri obtain 
immigrant status and work in either academia 
or industry. The R&D efforts bf many cor- 
porations reflect both the increasing multi- 
nationalization of corporate activities and 
the international complexion of recent 
degree recipients: 

The Nation's military and commercial 
position will continue to be challenged in 
the years ahead: Concern about the loss of 
scientific and technical information is there- 
fore ?lso likely to persist. Such concern, 
however, does not lead to a single, obvious 
f>olicy solution. The dissemination of scientific 
dt id technical information occurs in a multi- 
tude of ways ranging from espionage to 
publication in the bpen literature, iritrafirm 
discussibns, patent applications, or scientific 
conferences: a single fbrrri bf cbntrbl is 
urilikely tb be equally effective for all types 
bf dissemination. Althbugh buildirig for 
several years, the cijrrerit debate aibbut the 
cbritrbl bf scieritific irifbrrriatibri was thrbwri 
iritb sharper perspective by applicatibri bf 
export cbntrols to scientific conferences, and 
much of the debate since has focused on 
export controls. There are. however, a 
number of other mechanisms that have bi?en 
or can be used with greater or lesser effec- 
tiveness to stem technology outflow. This 
paper reviews both export conSoIs and those 
other mechanisms. First, however, it examines 
seme of the specific reasons, beyond the 
developments outlined above: wiiy Go's-eni- 
ment and the scientific community are 
concerned and asks some fundamental 
questions about what technology needs to 
be controlled. 

Trends and Developments 

The questibn of whether increased Gdvehv 
mental restrictioiis are needed or acceptable 
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must be judged in light of the threat to 
American security and to American society. 
In judging the threaj; it should be remem- 
bered that while the Soviet Union has 
undoubtedly acquired much advanced 
American technology, almost all has come 
through normal commercial channels, diver- 
sion from legal sales, or espionage; tittle 
has come from nonnal scientific communi- 
cation.'* The Government, however: worries 
that the improper dissemination of certain 
state^bf-the-art scientific research, even if 
dccunririg rarely, could seriously damage the 
Nation's military position. Beyond that, many 
in the Gbverrirrient fear that In the future 
the Soviets will rribre cbnscibusly exploit the 
Openness of the research envirbrirrierit to 
acquire advanced techriblogy.^ 

Just as the Gbverrirrient worries about 
the future as well as the jDreserit. sb tbb 
does the scientific corrirriuriity. Sb far. the 
export control laws have had brily lirriited 
impact on the research cbninluriicy: the 
present regulations provide cbrisiderable 
latitude for most exchanges bf irifbntiatibri 
with countries other than the Soviet Uriibri 
and its all^^- and they have only occasionally 
been applied to scientific activity. A greater 
impact, however: appears to be in the offing 
for_at least two reasons. 

First, researchers are becoming increasingly 
aware thai a potentially controlled "export" 
ta!<es place when they discuss their research 
with forejgn ccljeagues here or abroad: rnail 
ari unpublished paper to a foreign scientist, 
preserit a paper at a symposium with inter- 
riatibrial participatibn, or hire foreign graduate 
studerits tb wbrk bri an advanced research 
prbject. Such awarerie,s enhances thejjke- 
lihbbd bf cbrripliance arid therefore 6f affect- 
ing research. Additibrially, recent increases 
in the ri umber bf fbreigri graduate studerits, 
faculty, arid researchers bri American cani- 
puses of course rneari that thci uxpbrt rules 
apply more frequeritly. 

Second, controls may in fact be tighteried. 
Some see this as having hapoeried already, 
pointing to enhanced enforcemerit bf existirig 
export comroi Jaws and last winter's well- 
publicized bat perhaps misinterpreted revi- 
sion of the executive Order on national 
security classification. Others simply forecast 
greater restrictiveriess, citing the suggestion 
of the then Deputy Director of the Central 



Iritelligerice Agericy that broad prefDubllcatibn 
cleararice rriight be required.^ The Gbverri- 
nlerit's visible difficulty iri_riarrbwing arid 
refiriirig the scbpe of the Deferise DejDart- 
rnc^rit's Militarily Critical Techriblbgies List 
(which will be the cbre bf the jsiation's control 
systeiri iri the years ahead) is alsb a sign of 
future restrairits. 

Uricertairity about the preserit arid the 
future begets uorry. Tile abserice bf sjDecifi'cs 
also hampers rational debate. Althbugh the 
recent report of the National Acaderily bf 
Scjences (see reference 1) greatly en harices 
the likelihood oj useful arid collabbfative 
discussion among the Govemment, industty, 
and academia: it js not yet clear how the 
Government will answer several questions 
and how it will reconcile competing interests. 

Fundamental Questions tb be 
Answered 

Export controls on scientific information are 
currently the main focus of attention. To 
clarify their applicability or to assess alternative 
rriechariisrris, the Government must address 
fbur fundarriental sijbstantiye questions: How 
shbuld '*riatibrial security'' be defined? What 
destinatibris call fbr cbritrbls? What tech- 
nologies will be cbritrblled? Arid, what forms 
of exchange require cbntrbl? It should also 
address the procedural questibri bf hbw the 
rules of the garne are adbpted br rribdified. 

Defiriiris "Natibhal Security*- * 

If national securUy controls are tb be 
bounded: ^'national security" must be defined. 
It is. unfortunately, an elusive term, used iri 
many senses. It can refer to short-term military 
strength: it can also refer to the Nation's 
Ibng-term strategic, political, and economic 
position in world affairs. Current law is 
relatively clear that "national security con- 
trbls," in contrast to foreign policy controls, 
are to focus on those exports that contribute 
sigriificaritly to the m/Vifa/y potential of our 
adyersaries. That, hbvvever, does not entirely 
delirriit the reach bf nrj^ibnal stjcurity controls. 
Soviet militaty strerigth, like that of the West, 
deperids bri bbth a military establishment 
and an uriderlyirig iridustrial economy. [Ex- 
ports that bblster Vie Sbviet econbmy there- 
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fore enhance Soviet military capability in 
the long term; it is widely believed; however, 
that controls focused on long-term Soviet 
economic strength are likely to be neither 
successful nor cost-effective^ and that national 
security controls should therefore cdncehtrate 
on short-term rriilitary consequences. How- 
ever, even if one accepts this shbrt-terrri 
rhilitary focus, there Is, as will be discussed 
below, the further practical difficulty of 
delineating those civilian goods arid tech- 
nologies that are rriilitarily relevarit in the 
short term from those that are riot. 

Geographic Scope of Controls 

Scieritific excharige arid techridldgy transfer 
withiri the ribri-Cbmmunist world are largely 
uricbritrblled uriless they irivblve military or 
nuclear goods or data, or classified infor- 
matibri. Under the International Traffic Jn 
Amis Regulations (fTARj, military goods and 
directly associated technical data as well as 
all classified information to all foreign desti- 
nations are strictly controlled; exports to most 
Communist-controlled nations are forbidden 
entirely. However, only a relatively small 
percentac;e of U.S. exports, and an even 
smaller percentage of exported scientific 
information, falls within the scope of these 
controls. Export of most U.S. goods arid 
technical data is controlled instead under 
the Export Administration Regulations (EAR). 
Under these regulations, natiorial security 
controls seriously restrict technology exports 
only to the Soviet Union, Easterri Eurbpe 
{ excluding Yugoslavia), the People's Republic 
of China, and a grbup bf srri?.ller riatibris 
(includirig Labs, North Korea, Vietnam, 
Karripuchea, arid Cuba). Although goods 
and techriblbgy that are controlled for export 
tb Cbrnrtluriist riatibris are also controllsd 
to ribri-CbrrimUriist destinations, controls on 
such ribri-Commuhist destinations are gen- 
erally designed only to prevent tran^hipnnent 
or re-Sxport to Communist nations, not to 
prevent the original export: 

The vclume of exports to Europe, dapan, 
and Third World natjons nnakes any require- 
ment of specific Government approval of 
each transaction wholly impractical. Imposing 
ii;'jch a requirement would in practice ban 
most exports by making them prohibitively 
expensive in time and money. Moreover, 



jimitatldrisjoh what can be fi^eely shared with 
Western Europeans arid others iri the ribri- 
C6n^.rriuriist .world without Gpverrirrierit pler- 
missidn would require far-reachirig chariges iri 
the nature bf American sbciety (iricludirig 
its carripuses). 

No su :h requirerrierit fbr specific Gbv- 
errinient apprbval bf all techriblbgy expbrts 
exists. The Export Admiriistratibri Regulatibris 
prbvide several rriechariisms that effectively 
exerript mariy trarisactibris frbm any require- 
merit bf specific Goverrimerit approval and 
many other transactions from the require- 
ment of case-by-case Govemrnent approval: 
All published technical data and nnost un- 
published scientific and educational data are 
covered one of the General Licenses 
and therefore require no specific Govemment 
approval: Technical data thai do require 
specific Government approval (in the form 
of a Validated License) may be eligible for a 
"bulk" license (for example, a Project License) 
which can cover multiple transactions. Gen- 
eral Licenses effectively exempt most funda- 
mental scientific research— and therefore 
most academic research— from the need 
[or specific Federal authprizatibri. General 
Licenses together with bulk licenses provide 
similar freedom for most cbrjDbrate exchanges 
bf scieritific research arid technological 
applications in the riori-Cbrrirriuriist wbrid. 

The systerri riorriirially cbritrols almost 
everything, but iri practice requires specific 
licerises bf much less, arid actually prohibits 
the expbrt bf very little. The critical questiort 
fbr the future is whether techriology transfer 
withiri the riori-Commuriist world will remain 
so unrestricted. It is an important question 
for at least two reasons. First, the scjentific 
and technological links aniong the non^ 
Communist nations—and particularly among 
the industrial nations — are far stronger and 
far more central to day-to-day scientific and 
commercial activities than technology 
transfers with most iSommunist-controlled 
nations: For example, while almost half of 
all U:S: engineering doctorates in 1980 were 
awarded to nonimmigrant aliens, only .3 
percent of those aliens were citizens ol the 
Soviet Union, Eastern. Europe, or the People's 
Republic of China, industrial employment 
experience '\s presunLably sirnilar. Given 
current strains within COCOM, U.S. atterripts 
to control more techriblogy may simply lead 
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to greater U.S. isblatibri frdrri friends and 
foes alike. 

Secbrid, while many Americans have 
accepted the need for stringent controls 
on technology transfer to the Communist 
world, the impositibri bf rrieahingful controls 
on transfers arnbrig ribri-Cbrrimunist na- 
tions—or West;West trarisfers^ould under- 
mine the existing cbrisensus that riatibnal 
security controls are legitimate arid sensible 
public policy. Within the United States, such 
controls on West -West transfers would liReS/ 
be met with considerable skepticism; withiri 
other industrialized nations, such cbritrols 
might be perceived as yet anotiier nontariff 
barrier, as commercial policy draped in 
national security bunting. 

Substantive Scope bf Controls 

Under the current rules, unpublished tech- 
nical information may require Government 
export approval either if it is directly related 
tb an item on the Commodity Control hi^t 
br the Munitions List or If, under Part 379 
bf the Export Administration Regulations, it 
relates directly and significantly to any 
industrial prbcess. All published and other 
unpublished technical data are either legally 
or practically uricbritrblled. 

The current scope bf cbntrbls on technical 
data has been widely criticized, priricipally 
on two counts. First, it is a»gued, much of 
only marginal natibrial secj.Tity irripbrtarice 
is controlled and thus needlessly subjected 
to cumbersome and expensive bureaucratit 
procedures. Although this is alsb a prbblerri 
for hardware, such overbreadth is particularly 
acute for technical data, because Part 379 
of the EAR excludes from the most liberal 
General License mu^ unpublished technical 
data relating to industrial processes regardless 
or the national security importance of the 
p*-ocesses. And despite continuing efforts 
to rid the control lists of goods or technology 
that are widely availabJe abroad, the lists 
remain Ibng and complicated. 

Secbrid, as all agree, the current scope of 
cbritrbis is simply not well understood. This 
is in pail beca.-'^.e the technical _d_ata regu- 
latibris-^and particularly Part 379 of the 
EAR— are alrriost incbrriprehenslbje to the 
average reader. More >mj3brtaritly, both the 
perception bf overcbritrbl arid the fact of 



incomprehensibility stem from a lack of 
consen^sus about what should be controlled: 
The congressionaljy mandated Militarily 
Critical Technologies List was supposed to 
determine the scope of controls; Following 
Lhe recommendation of the 1976 Bucy 
Report^ that controls should focus on tech- 
nology and manufacturing know-how rather 
than on hardware, the 1979 Export Adrnin- 
istration Act instructed the Defense Depart- 
me? .': to develop a list of critical technologies 
"which, if exported, would permit a significant 
advance iri a rriilitary system" of countries 
subject tb natibrial security controls. _Sub- 
sequei it efforts tb cbnstruct such a list reflect a 
cbritiriuirig arid unresblved tension between 
advocates bf a very short list bf patently 
critical techriblbgies arid advbcates bf a much 
longer list iricludirig rribst rribderri tech- 
nologies that uridergird ariy advariced iri- 
dustrialized ecbnbmy. The bbstacles to 
consensus include ribt brily differirig cbricepts 
of national security, but alsb the nature bf 
many advanced dual-use (i.e., civilian arid 
mijitaryj technologies and the difficulties of 
reducing^general conceptual agreement to 
regulatory language. 

Computers are an example of a dual-use 
technoloa/- In the ynited States, most major 
industries — and probably all militarily sig- 
nificant industries — use computer technology 
in all aspects of the life cycle of a product: 
definition of product requirernents, devel- 
oprrierit and design, production and opera- 
tibrial support and utilization. Computer- 
Aided jndustr al Process Control (CAIPC) 
techribfogy, even when devebped for purely 
cbrrirriercial uses, provides a strong mobili- 
zatibri base by perrriittirig the rapid conversion 
bf iridUstrial capacity frbm civilian to military 
uses. The sarrie is true bf Cbniputer-Aided 
Manufacture arid Test (CAM/CAT) tech- 
niques. Both CAIPC arid CAM/CAT illustrate 
the difficulty bf drawing the lirie betweeri 
controlled and uncontrblled techriblbgy. First, 
both techniques are strategically impbrtarit, 
but both also have broad commercial appli- 
cation; much, if not most, of the research 
nnd development related to these technol- 
ogies is b«ing done by the private sector for 
its own use. Particularly because American 
manufacturing leadership may depend on 
sophisticated factory automation, efforts to 
control the dissemination either of the 
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techriplbgy or of the jDrbducts embbdyirig it 
wbuld have irrirriediate arid irriportarit trade 
cbnsequences. 

Beyond that, the Gbv/ernmerit's own use 
bf these techriblbgies depends in good 
rheasure on their develdprneht by the com* 
mercial sector. And that development de- 
pends importantly on university-based 
fundamental research in a vvide range of 
scientific fields (including dynamics, stress 
analysis, computer architecture, computa- 
tional techniques, and microstructures), where 
the lag between basic research and com- 
mercial application is likely to be very short. 
Restrictions that discourage academla from 
working with industry in these areas will 
therefore have important national security 
as well as trade consequences. 

Translating into regulatory language the 
limited consensus that does exist about what 
should be controlled has also been a problem. 
For example, although there Is wide agree- 
ment that most fundarnental research should 
not be controlled, definina'^fundarriehtal 
research" is difficult. The Export Adrriinis- 
tration ReguHibns speak bf scientific and 
educational imormatibh riot "related directly 
and sigriificantly to desigri. prbductibri, or 
utilizatioh in industrial prbcesses." Executive 
Order 12356 bri riatibnal security ihfdrrriatidn 
sjDeaks rnerely of ''basic scientific research." 
This irriplied distinction between basic and 
•.ipplied research is not helpful, because 
whether a given research result is basic or 
applied depends both on the purpose of 
the research and on the judgment of the 
observer. If publishing generic definitions of 
what is controlled runs into insurmountable 
definitional problems^publishing specific 
guidance runs head on into the "blueprint 
problem:" If Government defines specifical^ 
the line between fundamental research that 
need not be controlled and other research 
that may require controls, that definition 
provides a great deal of infcrrnation about 
American technological capabilities and the 
Govemment's strategic concerns. Publishing it 
might therefore give our adversaries a "blue- 
print" of those technblpgies bf greatest 
importance to ihe United States arid al!bw 
them to reallocate their bwri R&D resbUrces 
into more prorriisirig ar-?3.s. Deciding what 
lechriblbgies need lo be cbi:trblled in the 
fUlure will take time; translating thl t decision 
iritb regulafbri will be yet more di»ncult, 



When does techhbldgy transfer 
take place? 

The fourth question asks, What exchanges 
of scientific information effectively transfer 
technology? Those that do not, need not 
be controlled. (Of course, nol all effective 
transfers should be prohibited even to our 
most serious adversary: Most^ scientific ex- 
changes work in rwo directions: Therefore; 
once it is determined that a technology loss 
is likely, it is also necessary to judge whether 
there will be an offsetting technology gain. 
If there will be; the exchange should usually 
be perrnitted.) Ordinary, though perhaps 
difficult, observation can establish whether 
a given jDiece of hardware has been traris- 
ferred to an adversary. It Is much harder tb 
tell when technology has been trarisferred. 
Whether technology transfer takes place iri 
a given situation depends bn the nature of 
the Information, the skill arid trairiirig bf the 
giver arid the receiver, arid the riature arid 
duratibri of their interactibri. 

For Sonne techriical irifoiTTiatiori, simple 
p>bssessibri is eribugh. Steal the recipe and 
you shbuld be able tb produce a reasonable 
iriiitatibri bf Coca-Cola. Although there are 
irripbrtarit exceptions, the theft of blueprints 
for hardware to be produced abroad [s 
generally not the pnncipal national security 
concern today. That kind of technological 
piracy will usually assure preservation of 
American leadtime, precisely the objective 
of controls: Similarly while the simple knowl- 
edge that something can be done may 
occasionally be the problem, more usually 
the concern today is whether an adversary 
w4li be able tc^ apply .sophisticated scientific 
anr' techr.ical principles and Information tb 
its own needs and then build further bri 
them. Occasionally, a casual exchange will 
transfer a critical, concept br irriiDbrtantpierc 
of information. More frequeritly it will ribt. 
As the Bucy Report cbncluded ii 1 1976 arid 
ds American foreigri aid pirbgrarri.s learned 
through hard e>7Derience, effective technology 
transfer dbes ribt bccUr casually or quickly. 
Rather, it requires that the 'giver snd the 
receiver actively interact with each other over 
a sustained period of time. 

Despite wide agreement on this point; 
current export control regulations on technical 
data generally do not distinguish "exports^' 
that will transfer technology effectively from 
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those that will riot. Ari hour of forrhal pres- 
entation of uripiiblished research firidirig? 
to a small group that iricludes fbrelgri sci- 
entists or a quick u^lk-thrbugh of a laboratory 
containing advanced cbrripUter eqUipriient 
are as likely to fall within the scope of cbritrols 
as an int^>t*:.:'^« tfairiing prbgram. As a result, 
specific approval is required fbr mariy "ex- 
Dorts'' to Communist countries that riiost 
agree to be harmless. And once withiri the 
scope of controls, there are no clear arid 
publicly known criteria to guide the Govern-, 
ment's decision when to approve or disap- 
prove a license. 

Designing the Rules of the Gahie 

Much of the scientific community's concern 
arises from Its conviction that the Govemrnent 
cannot properly assess the scientific and 
educational costs of various kinds of restric- 
^ tibris because of inadequate input from the 
scientific community itself. While it is generalh; 
Uridesirable for large segments of the 
Arriericari pbpulace to feel excluded from 
the Gbverrirrierit*s decisionmaking process 
bri issues bf iriipbrtance, it is particularly 
Urifbrturiate vvheri the Gbverrirrierit must rely 
iri great measure bri vbluritary corripliarice 
and codperatibri rather thari bri legal com- 
pulsion. It is therefbre iriripbrtarit fbr the 
Governm*?nt to address the issue bf how 
che scientific community cari rilbst prbduc- 
t»veiy participate iri establishirig the systerh 
under which all must live. 

in short, jhere is still no natir'^.al coriserisus 
about how broadly to define national security; 
what destinations require control: how mariy 
technologies should be controlled; what kinds 
of research, if an^ warrant confrois and how 
the line between controlled and uncontrolled 
is to be drawn; and what kinds of exposure 
to American technology are sufficiently 
detrimental that r^^strictions are likely to be 
cost-effective. Neither is there a clear mech- 
anism for attempting to build that consensus, 

Asseiitnent of Cdiitrbl 
Mechanisms 

These questibris wbiiid 'be difficult to answer 
everi if expbrt cbritrbis were the only way to 
restrict scieritific iriforrriatipri. They are not. 
At least four other cbritrbl tbbis have been 
u.sed iri the past arid cbuld be used more in 
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the future: national security classification; 
stricter use of the Government's visa authori- 
ties to deny or set conditions on the admis- 
sibri of foreigners; contractual restrictions 
for research performed with FedeiBl funding; 
and various forms of voluntary self-control: 
Without agreement on what a mechanism 
should control. It Is hard to decide what 
cbritrbl rriechanism to use. For exarnple, 
rriechariisrris desigried to deny the Soviets 
a mere handful of technologies may be 
gfbssly iriaipprbjDriate if the policy is to deny 
a larger riUrriberbf nations abroad range of 
techriblbgies. Ori the other hand, these 
mechariisrils have different characteristics 
arid impbse differerit costs on American 
society. It is difficult tb kricw what to control 
without kribwirig the cbsts bf cbritrblling it, 
and that depends bri the niechariism used, 
it may be useful, therefbre, tb arialyze the 
merits and demerits of the mechariisrris. 

Many criteria are relevant. Four clusters, 
however, appear to be most impbrtarit; 

jlj Effectioeness. Will the system ac- 
curately identify what needs to be coritrolled, 
and will there be sufficient American and 
COCOM cooperation that it can be enforced? 
Alternatively, if eOGOM cooperation is not 
likely, will unilateral controls merely isolate 
the United States? 

_ (2) AdtvinistraUue and Economic Barden. 
Can the system be administered without 
irriposing unacceptable adrninistrative and 
economic costs either on the U.S. Govern- 
merit or bri the Americari population? Can 
the prbcedures be simplified and the un- 
certairity reduced? 

(3) Sc/erii///c/Technb/d5/ca/ Costs. Can 
a system be designed that avoids substan- 
tial slbwirig bf scieritific or technological 
progress—whether by cbrripartrrientallzing 
research intb cbritrblled arid uncontrolled 
areas, by further hirideririg iridustry/uriiversity 
cooperation, or by damagirig the 'ritellectual 
ciimate? 

(4) Poiiticai Vatues and Consensus. Can 
a system be designed and enforced that is 
generally accepted by the Americari popu- 
lation as a reasonable and legitimate fespbrise 

^ ^^^3^ threat? Will industry arid aca- 
demia perceive the Government — particularly 
the nation' ! security r^i-^.^'cies and tho.se 
charged with enforcemb'/', v - «r? adversary 
or as a partner in a <^G';/aborative effort? 
Muting the current adversarial climate will 
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require not only public uriderstaridiri§ of 
the nature of the threat, but also public 
acceptance that the rrieahs adopted are 
iavyful. prisdictable in their applicatibri airid 
erifbrcement. and appropriate to the mag- 
nitude of the problem. 

Clearly, those clusters are rented. A system 
built oh dbrriestic political consensus is more 
lil<ely to be effective in sternmirig technblc/gy 
outflow. A cbriserisus is easier to build if the 
^terh is seen as effective, as adrnihistratively 
efficient, avjd as imposing the minimum 
possible cost on other social values. However, 
while all four clusters are important and need 
to be considered, this discussion emphasizes 
the effects on science and technology: 

Export Controls 

Export contro[s that reach scientific infor- 
mation unrelated to a commercial S^nsaction 
or only remotely related to a controlled 
commodity fare badly when judged in terms 
of either effectiveness or political acceptability. 
They arc too broadly and imprecisely defined 
to give Americans a clear understanding of 
proscribed conduct; in addition, a number 
of COCOM members are unwilling to_control 
such ''disembodied" technology. Further, 
because of the complexity and breadth of 
the rules, administration is cumbersome, 
compliance costly in dollars and tirrie, arid 
enforcement difficult. 

While ineffectiveriess alone would be 
enough to uriderriiihe a political cb.nserisus 
that cbritrbis are valid arid legitimate, the 
pivbblerii is exacerbated by the iricreasingly 
widespread belief that cbritrbis bn such 
"diserribbdied" techriblbgy are unjustified 
irifririgerrierits bf cbristitutionally protected 
First Ameridmerit rights. Both the Justice 
Departmerit and a U.S. Court of Appea[s 
have raised serious questions on that issue; 
The Justice Department addresseci these 
issues twice, fii^t in a 1978 Memorandum 
to the Science Advisor^ and again in a 1981 
fvlemorandum to the Department of State.^" 
On both occasions, Justice sSessed that prior 
restraints such as those represented by the 
ITAR and EAR licensing systems will be 
upheld only upon a governmental showing 
of grave danger to the Nation and concluded 
that the regulatory scheme under review 
"cast such a broad regulatory net'' through 
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a systerri of iDribr restraint that.it was /'pre- 
sumptively uricbristitutiprial." The Nirith 
Circuit Court iri Uhtted States 0. Edler 
IndUstnes. Inc.}^ a cririiirial case, also strbrigly 
suggested that restrictibris bri techriical data 
wbuld be cbhstitutibriaiiy acceptable briiy 
as Ibrig as the data were sigriificaritly and 
directly related lb specific articles bri a coritrol 
list. 

bri the bther harid, because so much 
iriformatiori is practicaiiy uncontrolled^ for 
mbst destinations and because enforcement 
has been limited, export controls to date 
have had little direct irnpact on progress in 
science and technology: Tighter restrictions 
would presumably affect science and tech- 
nology much as classification has done (see 
below); The more these controls are used, 
the less benign their effect. 

Classification 

Since World War II, the Government has 
used its classification power to control certain 
l<inds of scientific information. The advari- 
tages of classifying iriformatiori are clear. 
Although classification requires defiriirig what 
needs to be cbritrblled bri a case-by-case 
basis, the questibri bf to whom is clear. Orily 
those with a security cleararice arid a "need 
to kripw" rriay receive classified irifomiatiori. 
Deriyirig irifbrrnatibri tb almbst everyone is 
ari effective riiearis bf deriying it to one's 
adversaries. 

Perhaps because the limitations are so 
severe, relatively little scientific information 
has been classified. As a result, ajthough 
there are serious admini^strarive costs to 
working on classified research [as well as 
some disputes about what is classified), 
those costs are imposed only on a small 
segment of the scientific cornmunity rather 
than on the population at larcje. The Gov- 
ernment's relative self-control in classifying 
scientific inforrnation has also created an 
aura of legitimacy, which itself encourages 
compliance. 

Classification's effectiveness in denyirig 
information to adversaries is bbught at the 
price of denying It to nbnadversaries— 
scientific colleagues, for example. Its effects 
on scientific and technolbgical prbgress are 
therefore quite severe, 

Classificatibri divides^br cbriipart- 
mentalizes— the scientific cbriimuriity iritb 
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those with clearance and a need to know 
(which frequently includes nationals of the 
North AtlanHc Treaty Organization and other 
friendly countries) and those without^ As 
the United States learned from the experi- 
ence uf atomic eneigy, intellectual exchange 
between the two camps Is limited. The noirnal 
processes of collegia! criticism, of learning 
frbrn the successes and failures of one's peers, 
and of using, research to train the next 
gerieratibn of scientists are all irnpeded. 
Restrictions on publicatlpn may make work- 
ing in ai classified field less attractive, so it 
may be difficult to recruit and retain people 
in the areas of greatest hatiorial security need. 

The divisive effects of rribre extensive 
classificatibri are likely to be eyeri greater 
now than during the early Cold War peribd, 
due to the lingering effects of Vietriarri. Many 
major American research universities jDrohibit 
classified research dri campus. Off-carripijs 
classified research is detached frbrn rriairi- 
stream university activities; student partici- 
pation is minimal. These policies are not 
likely to change soon. Therefore, those 
attracted to ao^demic life ^^vill likely avoid 
work in classified areas: 

With classified research thus largely con- 
fined to industry and Government labora- 
tories, close coilabonatjon be^een scientists in 
industiy (wHo wil! de .classified research) and 
those in academia (who will not) may be 
impeded, if so, industry will be decreasingly 
able to rely on the academy to generate 
weil-trained talent' in relevant areas, to 
perform nonproprietary research of interest 
tb industry, and to provide greater access 
fbr its researchers to current international 
scientific thinking. A parallel result could be 
further separatibri bf acadernic science frorn 
national security issues, frbrn missibri-related 
research, arid frbrn research bf direct rele- 
vance to emergirig iridustrial needs, because 
most of the techrlblbgies bf riatibrial security 
concern have commercial applicatibris. 

The simplicity, clarity, and precision bf 
clcissification^are its great strengths. Atomic 
energy information may be "bom classified," 
but in other areas the Government must 
affirmatively and unambiguously decide to 
classify information. Even in atomic energy, 
disputes over what is classified have been 
relatively manageable: These stren^hs also 
engender problems. Unless the Government 



classifies an entire broad field, like atomic 
energy, dassificatibri decisibris ar-e uheridirig. 
Further, assurning the C3bvernmerit wants 
to classify information before it is generally 
disseminated, it must sbriiehow shift sbme 
of the burden of identifying potentially 
classifiable information to the scientists who 
generate it: That may not be too difficult fbr 
research performed in Government labbra- 
tories: Scientists there are likely to be aware 
of possible national security ramifications bf 
their research and, like some industrial 
researchers, are more willing to accept 
publication and other restrictions qs condi- 
tions of employment. 

However, as the controversy generated 
by Execulive Order 12356 on national 
security information attests, identifying poten- 
tially classifiable information will be much 
harder for private sector research. First, and 
prbbably most serious, there is the problem 
bf defining what may require classificalidh. 
The terrri in formation **re!ating tb the national 
security" has rib self-evident meaning, par- 
ticularly fbr people ribt in daily contact with 
natibiial security issijes; all the uncertalniies 
bf the current expbrt cbntrbl laws would 
re-emerge here. Secbrid, pebple outside 
the Gdvernrnent arid ribt work i rig bn De- 
partment of Defense cbritreicts do ribt expect 
their work tb be classified arid db ribt con- 
sider classification an bccUpatibrial hazard. 
Prepublication Government review bf ais 
yet unclassified research, especially when 
not_federally funded, suggests censorship 
to many: 

Visa Controls 

The Federal Govemment has hroad pow«2rs 
to bar aliens from entering the United States 
or to set conditions on iHe'n stay: While the 
Govemment may legalk^ bar an alien to avoid 
an undesirable technology loss, visas are 
rarely denied on that ground. Intelligent use 
bf the visa authority requires generalized 
ariswers to the questions of what technolog; 
needs tb be cbntrplled, tb whom, and in 
what forrri. Without them, case-tw^-case review 
bf all requests fbr ribnirrirriigrant visas would 
bring the entire process tb a halt. Intelligent 
use also requires rribre inforrriatibn than is 
now typically available fbr riatibnals bf some 
countries. While costly tb cbllect, that sarrie 
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information is requir<>ci to selectively imiDle- 
rhent dhy fbrrri of cdritrbl. 

. Deriyi.rig a visa usually keeps an alien but 
bf the United States, But it prevents tech- 
ribibgy transfer only if the visit was essential 
tb an effective transfer. For sbrriebne who 
iritehded tb cbrrie as a degree candidate or 
pbstdegree researcher, the denial probably 
does pireverit transfer. For sbrnebrie who 
vAADuld have cbrrie for a very short stay, for a 
syrnpbsiurri, or to hear a paper delivered 
that will sbbri be published in the prdfessiohal 
literature, the denial probably does not bar 
transfer (particularly if Americans may freely 
convey the same information at conference 
and .symposia abroad and there are no 
restrictions on domestic publjcation). 

The private sector generally finds visa 
denials or restrictions attractive, particularly 
when contrastjed with a governmental sug- 
gestion that the export control laws make 
universities in some way responsible for 
ensuring that legally admitted aliens are 
denied access to controlled but unclassified 
information. Such an interpretation of the 
cjqDort control laws would require universities 
to assume a role for which they are tempera- 
mentally and phv^ically ill-equipped, namely, 
that of monitoring the activities bf their 
students, researchers, or visiting faculty and 
restricting the access of some merely bri the 
basis bf nationality. In cbntrast, gpverrirrierital 
use bf visa denials requires the Gbverrirrierit 
tb shbulder rinbst bf the adrriiriistrative burden 
arid avbicis cbnflict with strongly held v^l :es. 

Visas as a control rriechariisrri have certain 
attractions for the Gbverrirrierit as well. While 
broad criteria can (arid shbuld) be publicly 
stated, decisions oil individual applications 
can be made by the State and Justice 
Departmerits behind closed doore [n con- 
sultatibri with the national security agencies. 
The Government therefore does not have 
to fully explain why a particular visa was 
denied and, when it does explain its reasons, 
can do so outside the glar^ of publici^ty. 
DefinitionaJ and "blueprint'^ problems, 
linked to the publication of criteria suffi- 
ciently detailed to guide public behe 
Treed^ no t-^rise. : : 

In general, relatively small riurribers 
denials or restrictions, particularly if Hi 
to nationals of countries that are proscribed 
under the export cbntrol laU^, appear unlikely 



tb have riiajbr cbrisequerices fbr scierice arid 
techriblbgy (although there rilay be foreign 
IDbjicy cbricerris). 

Special jDrbblerris, hbwever, are likely to 
occur when the foreigner is requesting a 
visa to atterid ari ihternatibnal scientific 
cbrifererice spbrisbred by the Iriterriatioria! 
Cburicil bf Scientific Unions (ICSUj. Because 
ICSU pblicy prohibits adhering members 
from holding conferences in countries that 
deny entraiice to bona fide scientists, a U:S: 
visa denial may only serve to force such 
conferences abroad and isolate Americans 
from their scientific peers; Soch a possibility 
should clearly be considered when the 
Government weighs \vhether, on balance, 
the attendance of the scientist or scientists 
in question will result in a net technology 
loss to the Nation. 

Granting or denying aliens admission tb 
this country is clearly an appropriate gov- 
ernmental function. If visa cbntrpis are 
exercised with restraint, they are unlikely tb 
oecome a malor sburce bf cbritentibn. Hbw- 
ever, closed-door decisions influenced by 
the T,a.tibnal security, agencies nav; have ari 
unhealthy bias toward bvercbri; r Jirticulariy 
if irifbrrriatibn abbut the berief ' , of the visit 
is ribt readily available vwthin the Gbverrimerit. 
ir* ariy event, visa authority cariribt be the 
primary rnearis of cbritrbl; it is too easy for 
bur techriblbgy tb be trarisferred outside our 
bbrders by bther rnearis, Gbnsequently. visa 
deriials are perhaps best viewed as way of 
reducing the bbjectionable domestic effects 
bf expbrt controls. 

Cbhtractual Restrictions on Federally 
Funded Research 

In early 1982; the Report of the Defense 
Science Board Task Force on University 
Responsiveness to National Security Re- 
quirements suggested greater use of con- 
tractually imposed restrictions to avoid some 
of the uncertainty and conjentiousness bf 
other means of control.'" For exarnple, a 
research agreement migllit limit br require 
approval of foreign partlcipatibn br require 



A contraci. (or thiii puipose, includes any contractual 
itistfumeht whether labeled f> rontract, grant, or coop- 
eiative agn.'cmt'Rt. 



68 



83 



prejDublicatidri review of research results. 
Although recprrirrieridirig this now drily for 
the Defense Departrrierit, the report sug- 
gested that such restrictions be used by other 
Federal agencies if the need is clearly <?.^;tab- 
lished. Presurhably, contractual restrictions 
ajDplicable to iridustiv/uriiversity collabbrative 
research would bind both industry and 
university. 

With the Federal Government fiiiidirig 
aimos] half of the R&D performed in the 
bruited States,'" contractual restrictions are 
a powerfuhool. Contract clauses are likely 
to effectively restr|ct dissemination of the 
particular information developed under 
contract. Researchers asualiy heed contract 
terms, at least when it is made clear that the 
funding agency will enforce them. However, 
if similar, or related research is either not 
federally funded or funded by an agenq; that 
does not Impose these restrictions, similar 
iriformatidn will be.disseminajed unless it is 
otherwise controlled. The Government's 
ability to rely on contractual restrictions thus 
depends in great measure on whether similar 
research is" likely ta~Be otherwise coptrpiled. 
The answer appears to be that it is. Industry- 
funded research (including that on carripusj 
promising clear, shbrt-terrri cdrrirriercial 
appliccttions is usually subject to jDroprietary 
restri'-rions. If the finti seeks a patent the 
Government can impose a patent secrecy 
order^ Most other research, while not cdn- 
troiied, is unlikely to be sensitive on national 
security grounds: 

Contractual restrictions impose only limited 
administraHve burdens. Instead of controlling 
entire fieldb, as the Atomic Energy Act does, 
dr en lire technologies^ as export controls 
may with the Militarily Critical Technologies 
List, cdritractual restrictions can be tailored 
*b ihe [Darticular research project. Areas of 
concern cr.n be identified quietly and ex- 
plained to the researcher withdut p.5king a 
public ^'blueprint problem.'* Because con- 
trartual restrictibnc are likely to be drafted 
and monitored by research sponsors, there 
is rea.*Jon to hope the restrictions would be 
reasonabie— although guidelines will still be 
needed to rho; <nel the discretion of individual 
program managefb wli' . ' Kvisebe 

overzealous. 

The effect these restrictions would have 

on science and technology depenc? on the 



way they are ased; If they are applied 
frequenily or with a heavy hand, their eiffects 
can approach those of classification. Indi- 
vidual scientists will have to decide whether 
td work in tightly controlled areas: Individual 
iristitutioris will have to decide whether the 
conditions are compatible with their fohilos- 
ophy and objectives. The more infrequently 
such conditions are imposed, the easier it is 
likely td be fdr an institution to accept them. 
If the universities but not Industry decline to 
work bri sucH terrris, industry/university 
cbllabbratibri once again becomes more 
difficult. 

The affected public is rridre likely to accept 
broader cbntractual restrictidris than most 
other forms of restrictibns, particularly if the 
restrictions are accompanied by better cdrri- 
manication and their permissible scbpe is 
clearly laid out in agency policy. As with 
university decisions to accept delays in 
publicjition to preserve patentability in 
industry-funded research, there is an aura 
of voluntarism; Because the conditions can 
be tailor-made, th^ are more likely to appear 
appropriate to the situation: Because the 
n^^gotiations can be conducted privately, the 
Gdverriment is better positioned to explain 
why the informatidn Is sensitive. Because 
the contract must be signed before research is 
begun, restrictidns are less likely to seem 
arbitrary and unpredictable than those im- 
posed in rriidstrearri. 

Vdluhiary Restraint 

The term /voluntary restraint" is ndt;Co.n- 
sistentiy defined and twb uses are rnost 
common. Sometimes, it refers to arrange- 
ments, such as those in cryptbgrajDhy, by 
which researchers volur • .ly submit their 
work to the Government for prepublication 
review. These arrangements as yet have no 
legal basis; the National Security Agency 
(NSA) concluded that it jacked any ground 
for l^al compuLsiori. At other times, the term 
refers to the motivation for compliance with 
legally imposed restrictions for reasons other 
than fear of penalties. This usage suggests 
that if the Goverrment did a better job of 
explaining to American scientists what it 
was worried about and why, it could apply 
veiy tight controls (for example, classification) 
tb billy the rriost critical technologies; alert re- 
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sessrchers to other possible problem areas; 
and rely on their general patriotism to restrict 
dissemination or seek consultation when 
questions or problems arise. 

Although the Government should do a 
better job of communicating legitimate na- 
tional security concerns to the American 
public {including the scientific community), 
it would be difficult to rely solefy on the first 
fonn of voluntary restraint for several reasons. 
First there cire the now familiar difficulties 
of the "blueprint problem" and administrative 
burdens. Willing to submit to prepublicatibn 
review, public -spirited cryjDtbgraphers asked 
NSA to define its areas of direct cbricerri; 
NSA finally concluded that public. it'ori of 
such a list would be more damag: .o the 
national security than publication of the 
research results. The Defense Department's 
difficulty in publishing an unclassified version 
of the Militarily Critical Technologies tist 
suggests that the problem is a general one: 
If the Government cannot alert researchers 
to its specific concerns, it could alert them 
to broad concerns and then scan a huge 
quantity of voluntarily submitted malRrial. 
This may be possible in a smalL highly 
sensitive discipline like cryptography. But 
where the number of researchers is large 
and the security implications less compelling 
(or at least less obvious), this broad net 
approach would be slow, costly, and unlikely 
to lead to an adequcitely high level of 
voluntary cbmpliarice. 

While perhaps alsb inadequate as the sole 
Gbverhmerit strategy, the secbrid fbrm bf 
voluntary restraint has considerable merit 
as an adjunct strategy. Most Americans do 
not w^nt to aid America's military adversaries. 
If they believe the Government ♦chen it says 
that the release of certain • !«V'rrnation will 
be damaging to the Nation, most — despite 
the importance of publication in the research 
environment and reward system — will try to 
find a way to accommodate the Govern- 
ment's concerns. This kind of mutual trust 
does seem to be emerging in the cryptog- 
raphy fie!^. The Government would be well- 
advised to tn,' to create it elsewhere. 

Better communication, mutual trust, and 
voluntary restraint r.'.ay be the only practical 
or effective way of dealing with emerging 
technblpgies. that are not Government 
funded. Clearly the broad approach bf expbrt 
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cbiitrbis is riot wbrkirig; the classification route 
is also limited tb irifbritiatibri the Gbyeiririierit 
owns br cbritrbls; arid coritractiial lirriitatibris 
tbb presuppbse a Federal financial rble. 

Policy Considerations 

Two general conclusions dominate. First, 
effective instruments for coritrblling the 
disseminatiori bf scientific information would 
impose great cbsts on progress in Arriericari 
scierice and techriblbgy (arid thus bri Ibrig- 
terrri riatibrial scLifity). Arid everi irieffective 
tbbls. such as expbrt cbritrbls. itiay discbutBge 
scientists frbm wbfkirig in areas subject tb 
restriction, impb.se flriaricial arid administrative 
costs on science, affect the research en- 
vironment, and drive a wedge between the 
Government and Important segments of the 
population. Indeed; mechanisms that are 
ineffective because of their broad but uncer- 
tain sweep may impose higher costs than 
effective mechanisms: Second, clear and 
narrow restrictions that put the definitional 
burden squarely on the Government's 
shoulders are more likely to be_ accepted as 
legitimate and appropriate Government 
policy than are broad, restrictions that attempt 
to shift the task of identification to the 
scientific community. 

These gerieral cbricliisibris have specific 
pblicy irriplicatibris fbr each bf the several 
cbritfbl mechariisrris discussed above. First, 
it wbtild be both very difficult arid socially 
disruptive to apply export controls more 
broadly to scientific research. Second, 
although classification is obviously an effective 
control mechanism, its costs to science and 
technology suggest that it cannot be used 
substantially more frequently without en- 
dangering the scientific endeavor that 
underpins our economic and military heaith. 
Third, selective use of visa denials when 
potential net technology loss is clearly 
threatened would appear to impose little 
scientific cost and vould pn ?bably meet with 
relatively little scientific hostility. And fourth, 
contractual restrictions, although not without 
their dangers, are a reasonable approach. 
Because specifioiiiy ne^ 'otiateci contract terrris 
are more likely to be appropriate thari 
generally applicable e:<pbrt cbritrcl regula- 
tions, the regulaitions snbuH be revised tb 
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make it clear that cbmpliahce v. _>derally 
imposed contractual restrictions at least 
when imposed or reviewed by a hatibrial 
security agency— relieves the research pier- 
former of further obligation under the broader 
export control laws and regulations. 
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Issues tn Seienf ific and Technical 
Information Policy 



Abstract 

The geheratibn, cbllectibh, brgariizatibh, prxxessing,^ distribution of scientific arid techriical 
ihforrnatibn is j significant but neglected area of R&D policy. Rapid trcHnblogical changes 
as well as the grbwiho ecbiibmic arid sbcial irripbrtarice of infprrriatiGn in society are making 
the formulation i!>f.^pblicy in this area bbth riecessary arid difficuli. 

Issues related to cbritrbl of arid access tb scieritific arid technical irifbrrriatibri— including 
protection of personal privacy arid proprietary irifbritiatibri, restrictibri bf irifbrrriatibri fibvv 
for national security reasons, and the emergence bf iriterriatibrial barriers to irifbrrriatibri 
flow— are high on the agenda. Heightened aware ri ess bf riatibria! security cbriccn.s has 
stirnuiated intense policy debate over the merits of controllirig the flow of pbteritially 
sensitive scientific an^d technical jnfqrmation relative to the value of open commuriicatibri 
among scientists: Other debates have arisen over the proper U.S. response to economically 
motivated moves bv other countries to limiUransborder data flows and otherwise impede 
the international flew of scientific and technical information: 

Another set of issues centers on the economics of scientific and tc?chnical information 
-nd conflicts between the roles of the public and private sectors in providing information 
services. Pricing policies of Government information centers have stimulated considerable 
debate, reflectir:g policy inconsistencies as well as deep-seated philosophical differences: 
Some approaches to resolving the issues, based on differentiating types of uses and users, 
are suggested. 

The various roles of the Federal Government Iri scientific and t<ac'--ical information are 
highlighted, and a number bf options for furthe: examinatibn and action are proposed. 



Introduction 

Scientific and technical information is a major 
product of researcli_a* id development (R&D). 
The_results of R&D projects sponsored by 
the Federal Government— some 540 billion 
in fiscal year 1983 — are of value only \v:< .ey 
cari be cbmmuriicated and put id use. They 
must be cbrriri-^uriicated to other researchers 
whose wbrk is based bh the existing knbv/l- 
edge base arid who ri^.ust have rapid ^cceis 
tb L!iD-tb-date, accu;?te scieritific and technical 
irifbrrilatibri tb avo:::i uririecessary duplicatibri 
bf i?fiort, tb speed up the pibcess br inrib: 
vatibh, ind tb make best use bf lirriiL-^i' 
-resources. They miist also be cbrnmuriica'ad 
to users who cari put the firidirigs tb wbrk iri 
practic?il applications — new products arid 
prc^Tv: for the cor nercial marketplace, 
and new programs and policies iri the public 
sector: Yet, for all tht attention dt^voted to 
R&D budgeting, policymaKing, and man- 
agement, ie!at-«7e!y little attention has been 



paid to infcnnation policy in th<^ context of 
Federal R&D. 

Scientific and technical information policy 
should not be considered in isolation. First, 
it is clearly an integral part of R&D policy 
arid_should be closely linked to decisions 
on R&D priorities and management. The 
prodluctibri, dissemination, and use of sci- 
iiritific and technical Inforrnatidnjaro critical 
elernents iri_ the efficient and eifeclive use 
bf Federal R&D funds. Federal R&D policy 
must thus be concerned not just with the 
cbriduct bf the research itself, but with the 
disserriiriatibri arid utilizatibri--in bbth the 
public arid the private sectbrs— bf the frijits 
of that research. Secbrid, althbugh discus- 
sions of it have sometimes failed tb a^kribwl- 
edge the fact, scieritific arid techriical irifof- 
maMon p^-licy is also brie aspect of the 
broa ^er domain of information policy ?'.d 
man>^gement. The latter is a domain of 
s:^qwing scope and importance which en- 
compasses such diverse concerns as the 
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bjDeratibris of cbrripiiterized data bases, 
cbjpyright arid jDatent policy, telecortirrilihi- 
catibris regulatibri, privacy protection, arid 
trarisbbfder data flows. The implicatidris for 
scientific arid techriical irifbrrriatidri of deci- 
sidris niade in these fcalnis must be recdg- 
ni2ed and taken into account in the fonnii- 
lation of R&D policy. 

Scientific and technical infonnation is a 
significant area of economic activity in the 
United States: King (1981) estimates that 
nearly $15 bijlion is spent^each year on 
authoring, publishing, storing, distributing, 
and using scientific and technical information. 
Of this amount, the Federal Government is 
reported to support about 45 percent through 
direct publication of books, journals,, and 
technical reports: funding of over 200 sci- 
entific and technical information cleari^ng: 
houses, three national libraries and 3,000 
other libraries: operation of several national 
statistical centers and other information 
activities; and support of scieritific com- 
munication through payrrient of page charge;^ 
and atteridarice at prbfessibrial rrieetirigs fbr 
researchers under grants arid contracts. 
Accbrdirig to Kirig. the Federal expenditures 
inv^lude $1.2 billibri a year fdr library, ab- 
stracting, arid iridexirig activities, ai^d $1 billidri 
fbr riurneric databases. 

Makirig infdritis'*dn policy is particulariy 
difficult at pre^^^nt. in ^^art. this is a result of 
the fact that we are becoming increasingly 
an information-based society and that tech- 
nological advances are [eading to j^ie mergin^g 
of information and communications tech- 
nologies: Consequently, society is now faced 
with a ^'ariety of new technological capabilities, 
some with important sot'i.ii consequences, 
ror which it is relatively unprepared. /Mother 
factor 's that most segments of the informa- 
tion industry (e.g., data processing) have 
been essentially unregulated, while com- 
mur'cations have been subject to he; y 
Gove nment regulation. The prbbieins •:>f 
how to establish appropriate lege*' ^rid re§ 
ulatory frameworks for the new, merged 
tecl invi'loqies are just bee\nning tb be sorteo 
oat. Increasinqly, also, iriforrriatibri is beirig 
recognized uS a resburce— a resburce bf sig- 
nificant ecoribrii.:: value, particularly in an 
economy shiftirig frbm rriariufacturirig to 
services. The ecbribrriic inipdrtarice df the 



iriforrriatibri sectbr is drily begiririirig td be 
recdgilized. 

The femairider of this paper reviews briefly 
a select set of poiicy iissues relating to scientific 
and technical Information. It covers the U^S: 
policy context, economic jssues and the 
publ:c/private sector debate, access to sci- 
entific and technical information, and the 
role of the Federal Government. The issues 
discussed here are complex and overlap in 
many ways: The structure within which they 
are treated here is but one of many possible 
approaches to their analysis and discussion. 

Policy Cdiitext for Scientific 
and Technical Information 

Federal responsibility for scientific and tech- 
nical iriforrriatibri has evblved gradually, bfteri 
associated with legislatibri that had rieither 
irifbrrriatibri rior scierice arid techridldg^' as 
a priricipal fbcus."' Each df the aqericies 
that prbduces scieritific arid techriical irifdr- 
riiatidri as part df its dperatidris — including 
the Department df beferise (DOD), the De- 
partment oi Energy (DC^^j, the Environ- 
mental Protection Agency (EPA), the Na- 
tional Instinues of H*^a' -h (N[H), the National 
Library of Medjcine (NUvl), andjhe iNational 
Aeronautics and Space Administration 
(N?-.SA) — traditionally has had its own 
methods e»id policies for managing distri- 
bution and access to that information. The 
evolution of the National Technici:] Infor- 
rnation Service (NTIS) in the Department 
of Commerce in the 1960s (formerly -the 
Ofr! "e of Technical Services_^_then the Clear- 
inghouse for Scientific and Technical Infor- 
rnation), we a_major rriilestbne \n the 
development of Federal scientific ar/ 1 tech- 
nical info'.Triatibri activities. NTIS collects, 
oiganize^s arid di^erriiriates echnical repbrts 
resulting frbm Federal R&Ly cbritracts arid 
grants. The Natibrial Scierice Fburidatidri 
(NSF) alsb has developed rnariy scieritific 
arid techriical iriforrriatibri activities associated 
with its respdnsibilities iri furidirig basic 



*For a detailed chrdnqlc^ of events arid reports related 
to scientlMCjand technical infp' . .»on. sec? Congressional 
Research Service. 19/8. 
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research. They have included supporting 
research in ihfbrrhatibn science and poiicy 
as well. as prdrhotihg the dissernination of 
research results by providing seed money 
for the development of modern, com- 
puterized ihfprmatibn systems and databases 
outside of Gbvernmeht, such as Chemical 
Abstracts Service i 1965 75). 

The Notional Science.dnd Technology 
Policy^ Organizatibh, and Pribiities Act (P.L. 
94-282), under which the_Oflice of Science 
arid Techribiogy Pblicy (OSTP) was estab- 
lished, iricludes provisions establishing several 
advisory groups to provide a rribre coherent 
rriearis of rnariagirig arid disserriiriatirig sci- 
entific and techriical irifbrrriatibri. Further- 
more, the Act establishes the basis fbr Federal 
scientific and technical irifbrmatibr ictivi- 
ties as a part of R&D policy. It spt '.,."ically 
states that 

, . .it is recognized as a responsibility of the 
Federal Gbverrimerit nbt bnly tb cbbr- 
diriate arid uriify its bwn science ana 
techriolbgy irifbrrriatibn systems, i>;^f rJ 
facilitate the close cbuplirig of institticibria] 
scieritific research with cbrrimercial appii- 
catibn of the useful firidirigs of scierice. 
- {90 Stat. 461) 

Uespitt? the explicit recognition, here and 
a I se where, bf Federal responsibility for the 
coordinatibn of scientific and technical 
in^brrriatibri pblicy, mbot Federal agencies 
have systems that reflect and suppbrt their 
bwri needs arid rriissibris arid are_ nbt wc!! 
integrated iritb the lavgercoritext bf scientific 
arid teciiriical irifbrrriatibri, R&D pblicy, br 
general irifbrrriatibri pblicies. 

It is becbrilirig apparerit that exisririg 
frameworJ^s do riot wt '! accbn1m,>date the 
developing and expariiJirig irifbritlatibri arid 
communications technciogies. especially with 
respect to the piOblems ut regulation arid 
pdbiic/priv^te sector interacti yns. Scientific 
and technical infotmation pclic], is only a 
.<-::.b5et of the larger )iniverse mfr.rmaiion 
policy: and policy choices made in relation 
to emerging electronic or banking oybiems, 
fbr • :xamplc, may in turn affcrt policy delibera- 
tions more directly related to scientific and 
techniCc-. ^-.formation. The convergence of 
computer and communications technologies, 
develbpments in storage, proces«^ino. and 



distribution^ techniques; and the growth of 
information services in the economy have 
implications for a wide range of enterprises. 

Scientific and technical infotmation policy 
is often viewed and developed within the 
context of specific programs or projects: Tfiis 
is in part a reflection of the aiversity of 
interests involved and that no real organiza- 
tional focus for policy formulation exi:ts: In 
additibn, decisibns regarding scientific and 
technical information generally seem to be 
made by mid-level program menagers who 
admiriister these iriformatibn systems, a: va 
seldbri*: involve senibr levvai pblicymakers who 
have br'\ider cbricerris and perspectives. 

As till Natibri rribves increaisirigly intb aw 
irifbrmatibri era, as sbciety becbrries rribre 
techriolociically brierited, arid as chari§es 
occur in the directibri bf R&D efforts, the 
need to link scientific E.rid technical irifor- 
ination policit^s to R&D policies, as well as 
to broader infomiation and commuriicatibris 
policies; becomes more critical. For example, 
as civilian R&D activities in the Federal 
(Government focus increasingly on basic 
researcii rather than applied research or 
development, and as defense-or. :n}:ed R&T 
receives increasing funding; demands on 
scientific and technical information systems 
are bound to shift and Federal programs 
will ne:id to adapt. At the same time, as the 
Government reduces its information coilec- 
tibri arid disserriiriatibn efforts — either as a 
result bf budget cuts bLSuch initiatives and 
laws ais the Papervvork Reduction Act— both 
usei^ arid producers bf scie^-tific and technical 
irifbrrriatibri will need tb make sbme difficult 
chbices. The ability bf those invblved In ^rt 
critific arid techriical irifor»T!^.:ibri tb heighten 
the awareness bf bther pblic^/rriakers to the 
consequences bf their dedr-rns will be a 
key determinant in mairiidirii ^ the vitali^y 
of scientific and technical inf nrriatibri pro- 
grams as broader policy ch?iiiy^>s Occur. 

The United States differ:, significantly irbnl 
otiner nations in its approach to policies 
affecting information; comirr^nications, and 
R&D. In the United States; the private sector 
is tht; ba-jic provider of d ta procepsing and 
telecommunications products and services, 
the supporter o' the major share of the 
Nation's R&D effort, and the perforrner of 
an even larger share. The significancs of 
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this attangRrneilt has been highlighted in 
recent years as poiicyrnakers have sought 
to enhance marketplace competition and 
increase the "privatization" of Government 
activities: Even where the Government re- 
mains a major player, however, the approach 
has been decentraji?t?d and often fegmented; 
This is doe in part to the traditional U:S: 
antipathy to centralized planning schemes 
and the belief that diversity of ideas and 
open competition ultimately produce the 
bestresults. 

The U.S. approach contrasts sharjDly with 
the approaches of many other nations of 
the world where governments develop na- 
tional strategies, target specific industries for 
support, and control critical elements of the 
economy. For exarrjple, rribst tejecbrrirriurii- 
cations facilities in Europe and Japan are 
either gbverrimerit-bwried br gbverrirrierit- 
bpcrated. Likewise, the French gbyerrimerit 
has recently anribunced that it will be sub- 
stantially increasing its RS;D spending id 
jDrbrribte high technology industries, while 
the key position of the Japanese in the 
ii?mj conductor Industry is attributed to the 
role oi that nation's oov: I'm fostering 
industral d'w' *^ jrnfinl. 

rhe fact t. Lt ic se chailenges are emerging 
from abroad doer, not mean, as some have 
suggested, that the United States should 
forsake its ways of doing things ar»d -c- ' iO 
emulate such foreign practices as iht: Jap- 
anese sty-c o\ management. The strength 
of the United Slates lies in great measure in 
the diversity, independence, and competitibn 
of ideals inherent in our way of ^bvernlng 
and ln_bur economic structure. The areas 
of R&D. communications, and informatibn 
technology f>rv?jparticulaHy nbtewbrthy ex- 
amples of this. The importarice of the cur- 
rent situation is to alert the United Stated 
tb the need to acknbwiedge the differing 
apprbaches bf bur rriajbr tfadirip t)?rtriers 
arid bur ideological opponv^rrt-s .•ibrddLl sb 
that effectives policies can be fomiuiated to 
respond to .tiicrri. 

Ecbvibnl; 'z Issues and the 
PuBlie/Privc?te Sector Debr^^e 



Vv/ith the incre^Hir..:^ji..p-''ir^anc^'^f th^^ 
mation sector Ic* the U:b. aj^ r.^.d econo- 
mies, and the growing recognition by those 
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involved in the gerieratibri. cbllectibn, trans- 
missibri, dicseminatiori, arid use of informa- 
tion bf its actual and potential value, come 
a host of theoretical and practical problems. A 
number of these underlie current Dolicy 
debates in the area of scientific and technical 
information: 

Pricing Policies 

The issue of pricing policy and the attendant 
issue of unfair competition are raised fre-. 
quently and applied to several aspects of 
Government involvement In scientific and 
technical Infoririation. Gbvemment scientific 
and technical information centers vary sub- 
stantially in the prices they charge for thc ;r 
services. Certairi users are nbi charged at 
all, while charges tb bthers differ aiccbrd- 
ing tb eaich center s jDblicies arid the type 
bf user. 

General policy guidance bri ser charges 
fbr Gbvernment irifbntiatibri services is con- 
tained in Office of Management and Budget 
(0MB) Circular A-25, "User Charges," which 
requires that user charges be imposed when a 
Government service 

. . .tinat ies the beneficiary tb obtain rriore 
inimediate br substaritial f,uiris br values 
(which may br rriay r.^>: oe rrieasureibie in 
rribrieta'.-y terms) ih'ih thbse which accrue 
tb the general public... 

This circular estabHshef; the geiit/al policy 
of the Executive Branch that a reasonable 
charge "should be made to each identifiabife 
recipient for a measurable unit or a;.ibunt 
of Government service or property frbrri 
which he derives p. special benefit." The 
circular specifics that the charge shbuiii 
eriable the agericy "tc rccbver the full cbst 
tb the Federal Govenirrierii of rer.deririg 
that service" arid musr iriclude '*the direct 
arid iridir^ict costs tb the Goverrlment bf 
carrying bui sh^ activin*, ' as well as a fair 
ali^- itibn bf such i'er^.s as salaries, research, 
and supervisory cos' OMB Circiilar A-25, 
Paragraphs 3, 5). L ^ a 1974 Supreme 
Court decision, however, the reroverv of 
indirect costs is limited to those col's^ ihat 
are actually associated with the specific 
services provided, ^nd excludes those that 
benefit the public at largf? or are incurred in 
establishing the whole program (U.S. General 
Accounting Office; 1979: 20): 
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In a survey of 38 irifbrrriatibri centers in 
five departrrierits arid agehcieSv U.S. 
Gerieral Accburitirig Qfficp \Cr\0) fburid 
that the centers actually recovered only a 
sriiall fraction of the costs of providing their 
services arid tha^ when charges were made, 
cost recovery policies were riot applied 
corisistcritly. The sanle GAO report cori- 
cluded that private firms that purchase 
Government databases and market the 
service should be asse^ed **fair and ciquitable 
charges": failing to do so would result in a 
general taxpayer subsidy to non-Govemment 
users of the service (ti:S: General Accounting 
Office, 1979: 27-29[: 

i3MB Circular A-76, "Policies for Acquiring 
Commercial or Industrial P-roducts and 
Services Needed b\; the Government," re- 
vised March 29, 1979, is based o.t the nbtipri 
that the Government's business Is not to be 
in business. The circular limits and defines 
Government cbmpetitibn with the 
s^ictbr, stressing reliance on the piiva-. 
fbr the provisibri bf gbbds and se 

In a democratic free enterpri^ir^ sj^t^ : 
Govemment should not compete wiu* lo 
citizens. . .In recognition of this principle, 
it has been and continues to be the general 
policy of the Government to rely on com- 
petitive private enterprise to supply the 
products and s^ervices It needs. (OMB 
Circular A-75, Paragraph 2) 

Severdi points are made by critics of current 
Govemment ccst recovery practices: 

(i) Tf e syFtem is inequitable: By not 
recovering the full costs of services from 
users, the Government is setting artificially 
low prices and using general tax revenues 
to benefit the few (i.e., special interests) who 
use tl'ie information services. 

»;2) Govemment scientific and technical 
information services misallbcate resources. 
Since the services are priced without ref- 
e^rice to either their 'true" cost or their 
value to Lioers, the Government has nbway 
bf telling whether it is furidirig tl ie services 
at an bptirrial level. 

(3) The preserice bf Gbverrirrierit distbrts 
the irifbrrriatibri rriarUetjDlace. Gbverrinierit 
practices (e.g., pricirig) affect the supply arid 
derriarid for irifbrrriatibri services, make it 
rridre difficult for a free private sector market 
to operate^ and threaten this viability of 
private firms. 



(4) Gbverrirrierit irivblverrierit discourages 
iiiribvatibri by creatirig uncertainty, arid re- 
dUcirig the rewards for iritrbducirig new 
services arid techriblbgies, The sarrie factors 
harriper the eritry bf riew firrris iritb the field 
arid discbiirage private sectbr irivestrrierit. 

Several rejdiriders are rriade to these 
charges: 

( 1 ) Prdductidri and distribution bf scieritific 
and technical iriformatibn are part of the 
statutory missions of many Federal agencies, 
especially those that operate in RSdD-intensive 
areas: For exampie, the statute under which 
the ^*"^tional Institute of Education operates 
authorizes its director "to conduct educational 
research...[and] assist and foster such re- 
search, collection, dissemination::." Similarly, 
NASA is required by the Space Act to provide 
the ^A/idest practicable and appropriate dis- 
semination of information concerning its 
activities and their results. Under broad 
"T^andates such as these, agencies have 

yrally favored <M distribution of scientific 
d technicc-^l inforniatipn over full cost 
Picbv^er^', sirice wide Uistributibn contributes 
tb the purpbses the agericies are trying 
tb acc()riiplish. 

(2) Government scieritific arid technical 
irifjrrnatidri activities serve the .public iritere5*. 
in important \\/ays. For tixarnple, in discussioris 
of Medline, NLM's dnliri« bibliographic 
service, advocates of the systerti stress that 
low-cos* access to the medical literature for 
researchers^ students, and practicing phys- 
icians yields dividends in improved health 
care and accelert't^d biomedi*:al research: 
These dividends, it \s claimed, far outweigh 
the costs to the Government of providing 
the services, and are worf> important than 
the issue of unfair cc:npetition with more 
costly private sector bibliographic servircG. 

(3) The private se . tor contains boihpro- 
ducpvs and user? of scientific and technical 
inf'^rmation. It i:5 not coincidental that it is 
§r;nerally the proHiicers who see themselves 
iri cbmpetition with l\ e Govemment and who 
argiie rnbst strbrigly a§ainst the Government 
rbll. The private sectbr us^rs, bri the bther 
hand, whb b^riefit frorri rSe Gc^vrrirrient 
services, favbr their .britiriuatibri and db ribt 
usually regard urifair cbnipetitibri as ari 
important issue. 

One major pbirit too ssldbrri ackribwi- 
edged by either side in this dl-vute is the 
fundamental difficulty with iwe cdricept df 
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full -cost recovery. According to ecbribn»i5t 
Yale Braunsteiri. the "apparent sirrip!icil»> 
md concfeteness of the full-cost calculatibri is 
entirely inisleading'' (National TeL-cdrri- 
munications and Infonnatidn Administratibn. 
1981: 67). Braunstein points out that thu 
e>dstence of |oijit costs 'costs that are shared 
among several products) in any multiproduct 
organization and the problem of demand 
elasticities make full-cost recoveiy an elusive 
notion. He quotes a pricing manual prepared 
for NSF to demonstrate the complexity of 
creating full-cost recovery policies: 

. . .if there are economies bf ^ cale or other 
patterns of responsiveness of costs to 
volume of sales, demand data will also 
be needed if the prices selected are 
actually to end up covering costs; De- 
mand infc mation cannot be dispensed 
with, for ip cabo- v'ing the pertinent cost 
ihe management must be able to ascertain 
what volume of sales can be expected 
at full cost. If a calculation of full costs 
is based on cost data for the past and. 
for example, it seems to require a sharp 
increase in price, the resulting fall in 
quantity sold rnay lead to a Joss of scale 
ecoribmies, arid the alleged full-cost price 
will iri fact fail to produce reveriues equaf 
to costs as it is iriterideri tc c^o (I's riA. 
1981: 67). 

Braunstein also suggests that tiiere may 
be an inconsistency between the objectives 
of OMB Circular A-76, which is intended to 
prevent Government entry into enterprises 
that can be better conduct'^H bi^:ti«e private 
sector, and OMB Circular A-25, wh:ch re- 
quires full-cc«t recovery and thus, encourages 
the Gbverrirrient to provide self -supporting 
sendees. As he observes with respert co A'25: 

This guidance cor..:!icts with the basic 
premises thai the government should run 
primarily b'y appropriated funds, and that 
if an activity can be self-sustaininq. it 
should be conducted in the private, i^ther 
than the public sector (NTIA, 1981: 68). 

Public/Private Sector Conflicts 
in Perspcctivvi 

Discussions of such issues as full-cost re- 
covery, which concent the relationships 
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S^tvveeri the rbles of the public and private 
^e<"fbrs. are ambrig tile thbrriiest prbblerris 
in scientific arid technical irifbrriiatibri pblicy. 
Urideflying these disciissibris are basic phil- 
bsbphical diffefehces cbnceming the proper 
role of the Federtii G jvemment in prb'^dirig 
information services products, and resources. 

Those who favor restricting the role bf 
Government and relying more on market 
forces place a high value on the American 
tradition of competitive private enterprise, 
and fee! that the private sector can distribute 
information (originating from both Govern- 
mefu and non-Government sources) most 
e.:onomically and most widely. They believe 
that the presence of Govemment '*can have a 
chilling effect on privyate 5ector investment," 
^ind can reduce the efficiency of the market- 
place in allocatirig resources (National Com- 
mission on Libraries and Information Science. 
1982: viii). 

Thbse whb would prefer riot to restrict 
the rble of Gbverrirrient erriphasize different 
sets bf values,, iric'udirig the rieed for '*equita- 
ble. bperi access... to irifbrrnatibri which has 
been generated, cbllected, processed, arid/or 
distributed with tax-payer funds," arid the 
importance of that infontiaiibn iri erisuririg 
broad public paiticipatidn in the affairs bf 
society, regardless of individual c^biJity td pay. 
They stress tiiat is a proper Government 
role to meet those information needs not 
served by the ma: !*:etplace and to stimulate 
**the development of information as a re- 
source for dealing with societal problems" 
(National Commission on hibraries and 
infonnation Science, 1982: ix). 

The most productive course of action lies 
not in attempting to decide which of the 
opposing views is correct in any absolute 
sense, but rather In seeking a middle ground 
that rriakes the best use of both Govemment 
and private sector capabilities to serve the 
Natibri's scieritifir ^nd technical infomlatioh 
needs. This rriearis deterininirig the cbridi- 
tibris arid circurristarices urider which each 
sectbr is rribst cajDable, arid establishirig 
pblicies based bri these deterrriiriatibiis. 

In part, these dileri'irrias iri bublic-private 
relatibnsh'ps seem tb have been brought 
1 by the vGiy success bf Gbverrirnerit 
^^entific and {ec\:>trix] ir^fbmiatibn programs. 
Few cdncems about unfair cdmpetitidn frdrn 
Govemment were raised in the early days df 
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programs like NTIS arid MEDLARS, chiefly 
because start-up costs for. such prbgrarris 
were high arid the rilarkets for their services 
were riot large eridUgh to iriterest rriariy 
private firms. The Federal jDrbgrarris, takirig 
advantage of advahcirig techridlbgy, helbed 
expand and cultivate the markets, niakirig 
them much more attractive today (Williams, 
quoted in Schuman, 1982: 1064). Now the 
market is more mature and the technology 
is less costiy. thus the field Is much easier 
to enter: The current need Is to adjust to 
the new situation in a manner that best 
serves the public interest: 

While there are no simple ways to ac- 
complish this, some potentially productive 
approaches have been suggested in recent 
years. The common theme of these ap- 
prbaches Is differentiating among types of 
irifbrrriation and thslr uses, and allocating 
public and private roles differently ii. each 
case. One apprbach— that bf Gluliatib, _et 
al.~described thre3 basic mbdes bf scieritific 
arid techriical informatibi; transfer [termed 
"eras"), each cbrrespbridirig tb a differerit 
v^lue ?^vstern. Giulisrib shov.-ed how different 
uses a, id expectat^bris iri each era affect the 
wayj^ in which scientific arid techriical infbr- 
mation is managed and distibuted. Treclitibrib- 
and Ins^turioriul mechanisms iri the sd*jntific 
and t'Schriical information field developed 
in connection with a tran^^'er system in which 
seldom measured 
in economic terrns. A variety of problems — 
including conflicts between public sector 
and private sector roles — result from the 
misapplication of systems developed under 
one set of values to situations in which 
diffeTent values are prevalent (Giuliano, 
1978: 2-11). 

A related approach was taken by a Na- 
tional CommissLon on Libraries and Infor- 
mation Science Task Force on Public £>ector/' 
Private Sector Interactibn in Providing 
Informstion Services, charged with recor.i- 
rrieridirig rritians U: resolve conflicts b^twe^n 
the* sectprG. The t isk fbrce developed a 
"scherr.riiic of ccriUaxts," which includes '^ich 
fac^bri as the sbciei value bf the infoiri)f\tiori, 
'ts^corioriic utility, ths irrirriediacy or its 
vali' \ th«! ability bf users tb pay, eic. In 
O' * tb iielp understand hbw cbnliir.ts 
cbricerning the apprbpriatG role b' t'.e 
Federal Gbveiriii^ent in providing iiifor 



riiatibri services occur arid how they rriight 
be.resblyed. 

F. W. Hbrtbri, iii ari uripiublished discussibri 
paper circulated iri cbrijUrictibri with the 
Irifbrrriatibri Iridustrv Assbciatibri s new hand- 
bbbk, Uhdersforiding US. IhformQUoh Potlci;, 
prbpbses a "hierarchy bf rieeds" that irifbr- 
rtlatibri is expected tb serve arid suggests 
that pricing policies (and presumably public 
and private sector roles) be developed on 
the basis of it. The hierarchy begins with 
''coping information" and goes through 
''helping," "enlightening," and "enriching," 
to ''editying" information: in this scheme, 
"coping informaSon" would be disseminated 
free of charge (presumably by the Govern- 
ment) while "edi^ng information" would 
be priced at fully competitive marketplace 
levels. Other categories would fall in between. 

None of the approaches described here 
provides a definitive answer to this complex 
set bf problems, but together they highlight 
the need to develop new ways to resolve 
the public/private sector cbntrovcrsles in 
irifoririatibn pbllcy generally and in scientific 
arid technical irifbrmatibn in particular. 

Access to Scientific and 
Technical information 

Tht, growing cbrnmerce iri irifbrrriatibri, 
prompted by the recbgriitibri bf its value 
(social political, and ecbribmic), has raised 
a number of concerns related to control bf 
and accea^ :o information. The matter of 
access hus special implications for scientific 
and te^*hnical information, since much of it 
is th^ PJ'ociuct of a substantial Federal invest- 
ment in research and ds^velopment. Probierr:^ 
anse because of the often-conflicSng Fedt?ral 
goals of p/oviding infonri'^tion resulting from 
Government-sponsored research to the 
public, prorecting iWe rights of individuals to 
privacy and of fim iS to confidentiality, assuring 
trie 'Jovenii: '*nt access to information it 
requires fbr_ making regulatory r»nd oihei 
decisioria, safeguarciing nation^i! sec.[\%\ ^ind 
prnmbting donie-:\u -.ni i-jN^rrialicr -^iJ tr..d??. 

Durino Wor;i^ ^'?iar II, , nmb-- r^^- m:^-; 
were placer^ •J^5^<in:iv-.;ti.--i ol :;. • rrii.: 
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injormation for reasons of national security. 
These controls conflicted with the traditional 
sciertific emphasis on open conrimunication 
and the free flow of information:* The 
traditional position was stated in 1945 in 
Science. The Endless Frontier, a report 
prepared jnd submitted to President Truman 
by a task force headed by Vannevr ^• 

Basically there is no reason to b-.-^'e.. : in,"- 
scientiats of other countries will r - < v\ 
re discover everything we now v-t / . 
sounder foundation for our nuUonal 
security rests in a broad djssemmation of 
scientific knowledge upon which further 
advances c<\\) be mo^'e readily made than 
in a policy of restrictions which would 
irnpede our further advances in the hope 
that our potential enemies. will not catch 
up with us. (Bush. i945: 29) 

Balanced against the desire for scientific 
freedom and the need for Government 
accountability, which generalls' favors open 
access to information, has been the need to 
protect national security. Controls have taken 
sue'.'; forrhs as increased classification of 
scieniific and technical information and 
application of export ^oguhtions. and have 
placed particular emphasii' on res^/icting the 
acquisition by the Soviet Union of AmeriG':in 
technology and scientific and technical 
information with potential military value. 

The security classification system has 
evolved through a series of Executive ordeis. 
Since 1953. each successive Execj^v/e order 
has harrowed the definition o -hai the 
Government could classify. Howev.r. the 
most recent one. Executive Order i?356, 
issued bi- Pn?sident Reagan in April 1982, 
reverseci this trend by expanding the cate- 
gories of classifiable infon nation and reusing 
various classification procedures. The new 
&<ecuilve ordtir excludes clai^siflcation of basic 
scientific research information not cleaHy 
tied to national security: However, distinction?; 
between basic and applied research are 
blurringjn many fields, and the implications 
— of--the-ojdei -in-certein-sensitiwe area?:-such - 
as cry^vtog^aphy. are not yet clear. 



*Ffee fib'.; is used here to rheah the "Unrestricted" 
flow of inforrnation. rather than "no-cost" transfer. 
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The concern about foreign access to U.S. 
scientific and technical ihfdnn*-;?>on has also 
been addressed through th*:' m echc,-v;i;m of 
export regulation?. inufUd/' j ihe Export 
Administration Act (50 i J S:C. App. 24(31- 
2413) and the Arms Export Control Act 
m U.S.e: 2751-2794): Thes- statutes 
impose licensing requirements on the ejqDort 
of certain goods, technology, arc defense 
articles from the United States, and also 
restrict the access of foreign nationals to 
such material in the Unilid States. Botn 
statutes are defined broadly enough to 
include technical iriformat'dn and docu- 
nientatidri as well as goodji and services 
\ Congressional Research Service. 1982- 
Relyea: 7). The International Traffic in Arms 
Regulations (ITAR) (22 C.F.R. 121,01 et : 
seq.. 1981 ). authorized by the Anns Export 
CoritrdI Act. require Goverrirrient approval 
for publication of technical data Uath poteritial 
military significance. These regulations have 
been applied to erribargo the export of 
advanced technologies, including computers, 
the Soviet Union to protest its involvimerit 
in Afghanistan, and to restrict the discern- 
ination of_infornnation at scientific and 
technical meetings: 

Enforcem^^nt of thpse regulatio ns (prirrarily 
by the Departments of Commerce and 
Defense) has been increasing under the 
Reagan Administration, causing some con- 
cern among many scientists unused to 
considering the implications of their work 
in terms of national security i^ues. Questions 
about the appropriate use of Government 
controls will continue to gain currency: the 
Export Aclmiriistratibri Act expires M the end 
of September 1983. 

One recent action reflecting in part the " 
Admiriistratibri's cbric^rri nbbut the use of 
U.S. infomiatibri jDrocessirig and telecorri- 
municatidns systems — arid scientific arid 
technical infdmiatidn in general — by foreign 
nations was the withdrawal of U.S. Govern- 
ment supr»ort for 'he Internatidnal Institute 
for Appk ^ystemj Arialysls (IIASA). Amdng 
the reasons for the decision was the Admin* 
istratjonja desire to prevent Communist bloc 
researchers from obtaining unauthorized 
access to Western databases through liASA 
computers (Walsh, 1982: 35)^ 

Other laws intended to promote national 
security through control of information 
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include the Atomic Energy Act (68 Stat. 
919; 42 U;S;e; 201 1 -2296K which contains 
the "born classified" conc^t with respect 
to atomic energy restricted data, and the 
Invention Secrecy AcH35 U;S C. 18M88), 
which provides authority foi* v.^;ithhoidi» pat- 
ents containing sensitive infonnation in order 
to keep the inventions in question secret. 

A somewhat different means of controlling 
dissemination of information for reasons of 
national security is evolving with the devel- 
opment of a system of voluntary prepubli- 
Cdtibn revieU' of mapuscripts on ciyptogiBphic 
research. The s^terri is an attempt to balance 
scientific a.id comrriercial interests in the 
cryptographic ohd cn/ptoanalytic fields with 
cbricerris about the vulnerJ.ility of U,S. 
cryptographic systerris. The exterisibri of this 
policy to other areas of scieritific research 
was propdsed by former deputy Central 
Intelligence Agency director Bobby R. Irirnari 
at the 1982 annual meet4ng of the American 
AssTiOciation for the Advancement of Science 
(A/vASj: Inman suggested that * a potential 
balance between national security and science 
may be [n an arrangement to include in the 
peer review process (prior to the start of 
research and prior to pablicationj the ques- 
tion g5 potential harm to the nation." If such 
• 'olcintary r>ecurity safeguards are not adopted, 
I Oman warned, public outrage over the 
resulting **hemnrrhage of th^; np^tion's tech- 
nologie.s*' would result in laws to restrict 
publication of scientific work considered 
sensitive on national security grounds.* 

D'scussiori of the conflicts beh;cen secrecy 
based oh riatioha! security and the unirri- 
peded flovA/ of scientific and technical infor- 
rriciibri is under way \n rriariy forurris and is 
the tojDic for ahoth^»r paper in this cbm- 
peridium. Sc/e':i:;iC' Communication and 
Nationai Secunty. a recent re^xirt by a panel 
of the National Acadeirjy of Sciencer-, bri 
the whole echoes the Dentimei'it^ expressed 
in the Bush report, while facing realistically 
the need to lestrict illegal acquisition or 
technology by other nations (Natione.! 
Academy of Science^,, 1982). Thr. p. ^e^ 
concbded that m by far the largest share 
university research, **the benefits of total 



*For Inmaa:. vemarks ancLthe response of teAS 
executjve officer Wnjiam Carey, s^e Autotion \A/eek 
and Space Technology. Febmaiy 8. 1982» pp. lO-l 1, ff. 
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i •:^c'nn<?t;j ovttshaidbw [the] possible hear- 
ttiiil miliJ^ry benefits to the Soviet Uriibri." 
At the sarne time, it rioted that there are 
certain areas of research that should clearly 
be classified. It devoted special atteritibri to 
the small **gray area" betweeri the two, for 
which it felt "limited restrictibris shbrt of 
classification are appropriate.*' In this gray 
area, the panel suggested several specific 
means of limiting unauthorized foreign access 
^o potentially sensitive research — me^ins that 
M regards as consistent with the values of 
cpen science: It emphasized the need for 
the Government to define in concrete terms 
the areas in which the International Traffic 
in Arms Regulations and the Export Adrnin- 
istration Regulations are applicable and 
indicated that these regulations should not 
be invoked to deal with gray areas in Gov- 
errirrierit-funded university research. 

Other International Issues 

The iriterriatibrial context for iriformatibri 
policy includes itiariy i.ssues beybrid natibrial 
secudty cbricerris. The global flow of irifor- 
mation has become iricreasingly poisible as 
a result of rapid advances in data pnx:essirig 
and computer systems and in tc'lecom- 
munications networks. The merging of these 
technologies has facilitated inrtTnational 
commerce in info:. nation, including scien- 
tific and technical information, and has 
raised a range of associated economic, 
political, .^r>d technological concerns: 

Respons?;:!-^/ for inters itional inforrnation 
policy in th<£ United States, like domestic 
intcrmatjon policy, has traditionally been 
dispersed air>.ongma_ny parts of the Gc^m- 
merit, iriciuding the_Departments o| v^^ \ 
CorriiTierce, and Defense, the Federal 
Coirirriuriica;ions Corn mission, and _Lhe 
Office bf the U.S. Trade RejDresentative. This 
divi!i:ibri of authbrity cbritrasts sharply vAth 
the iricreosirig efforts of other cburitries to 
develop arid inlplenierit uriiforr^ riariorial 
policies regulate irifoitriatibri arid cbrri- 
: •"itiniiZatio'^. .^echriblor-es arid the fbrrri arid 
content of transborder data lou/s. Thi? is 
not to i)i?ply that the United States .^hcui J 
necessarily ?mii!>:Si the ?approcich<?s <n other 
" _ ?il^J-'' i'^iioi'^'nation pt?!icy. Indeed, tmre 
3_nnany good reasons nnf. tD do so. V/hat 
is impoitant is gaining an appreciation of 
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the strengths and motivations behind these 
approaches to lnformat!;Dn policy so that U.S. 
policy can deal more effectively with them: 
National information policies are usually 
designed to build a nation's information 
independence and increase econornic gains 
by developing indiger»ous information indus- 
tries. While the desire to protect the privacy 
of Individuals and to promote data security 
led to some of the early efforts Europeans 
to cdritrdl the flow of data, today a wide 
array of cultural, political, and economic 
mbtivatidns are behind such moves. Sweden 
enacted the first national data prbtectjbn 
legislation in 1973; other countries, including 
Canada. France, and Germany, have since 
enacted ihfbrrriatibn privacy or data prbtec- 
tibri legislatibh as part of their natibnal 
iritbrrnatibri policies. The laws arid erifbrce- 
rrierit provisions vary, but iri rribst cases 
registration, public disclosure, and licensing 
restrictions are detailed. These regulatory 
efforts frequently form impediments to the 
free flow of information. 

in r ^ober 1980, the OrganizaHon for 
Econoinrc Cooperation and Dc'v^lopment 
c;dopted voluntary ''Guirielines on 
Privacy ^^rotection and Trarpborder Data 
Flows;" About the same tim«, the 21 -member 
Council of Europe issued its "Convention 
for the Protection of Individuals with Regard 
t_o Automatic Processing of Personal Data." 
Both cbdcj> govern transbbrder flows of 
p^r^-bnal data: the extent to which the 
transmission of cbrporate u.^la is affected is 
bfteri unclear. 

_ Sbnie restnctibns, Including the impHDSltlbri 
of Taxes, tariffs, arid user fees, consritute 
ecbnbmic barriers that rriay effectively price 
some prbviders bf scieritific arid tcchriical 
irifbrrriatibri services arid equiprrierit but bf 
iriternatibrial rinarkets. SUch ecbribmic bar^I'.^ 
are bf particular cbricerri to the United Stbw j, 
which has achieved a competitive edge iri 
interriatiorial markets for cornmuriicatioris 
and information servicei; (Congressional 
Research Service/ Bortnick: 3: National Com- 
mission on Libraries and Information Science 
1982: 27). Other regulations that restricl 
the flow of information between countries 
include requiring "domestic" information to 
be processed within the originating country 
(e.g, West Germany), requiring the purchase 
of host countries' equipment (e.g., Brazil), 



or. in some cases, cbrilplete denial bf market 
entry (e.g.. Canada. Great Britain) (Spera 
1982: 143: U.S. House of Representatives, 
Government dperations Committee. 
1980: 18). 

Potential requirements that data trans- 
missions be monitored to ensure compliance 
with privacy regulations are also of concem; 
Business and governments are wary of the 
security of confidential and proprietary data 
when it b open to examination by other 
governmf-sils or when it is transmitted ov6r 
public da^!i networks (U.S. House of Repre- 
sentatives .Government Dperations Com- 
mittee. i^)80: 16). Closely tied to this are 
the qi.v-*nlbns of national sovereignty and 
nati^^r;. '. security. Mariy natibris feel threat- 
eried the Ibss bf control over databases 
that .-n'f' stored arid prbcessed iri foreign 
cbri>?>":ter systerris—especially in U.S. 
systerris — subject tb foreign laws (Cbrigres- 
siohai Research Service. 1982. Bbrtriick: 3). 
They are coi »cemed about the ability tb access 
their own data and the ability bf bther riatibrts 
to access critical informatibn when it is 
removed from local facilities. 

Apart from th<3 question of legal juris- 
diction, many nations are concerned about 
such things as sabotage, equipment failures, 
and political decisions that might inhibit their 
ability to access their own data: They contend 
that once critical infonnaSon is removed from 
local facilities, their vulnerability is increased 
as foreic^h nations and multinational corpora- 
tions have greater potential to access it. 

There »3 an additional concern that trans- 
border data fibws can lead to "cultural 
erosion." Althbugh the United States main- 
tains furidarrierital beliefs in the value of 
cultural diversify, other natibris fear that the 
Irifluerice bf the Uriited States and other 
Western riatibris rriay disrupt their iridigenbus 
cultural heritage. These riatibris cbriterid thai 
fbreigri databases, as well as rtiass rriedia, 
cbntairi cultural biases that are pbteritially 
harmful to their societies. Althbugh this 
pe'/specnve has beeri vbiced by some Western 
nations, specifically Canada arid France, it 
h of pauicular concern to devehping cbun- 
tries, mr.ny of which lack a highly educated 
popu'a^ioni and are consciously seeking to 
encourage adherence to traditional mores. 

Indeed, the importance of access to foreign 
scientific and technical infonnation for pur- 
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poses of devejopment and moderriizatidri 
versus the perceived economic and poiiticai 
valnerabiiity caused by reliance on foreign 
facilities and information is a particular 
problem for developing nations {U:S: House 
of Representatives, Government Operations 
eomnlitteerl98e: 21)rD^t^b^e^^fTd ad- 
vanced information systems are often vnewed 
with ambivalence W developing countries 
faced with th'^ {ilertf;' cf ass'uring national 
sov^'-'-^ic^nty wh^K requiring information 
ph " and ^i^chi iologies for developm^ant 
{B._:. 1981:32). _ 

One iliustratibn of this Is the conflict over 
cbllectipn of agricultural, environmental, and 
geblogical data by rerribte sensing satellite 
systerris such as Laridsat. Nations cbllectihg 
this data benefit frorri research appiicatibris 
and trade and irivestrrierit bppbrtijriities; 
developing countries benefit from applica- 
tions of the data to problems in such areas 
as agricultural productivity and natural 
resources management. However, sortie 
developing nations have tried to claim this 
information as a national resource, and 
sought to tax and limit its collection so as to 
prevent v^at they feel is ejqjioitation by more 
advanced nations (Congressional Research 
Service, 1981: 61): 

Protection of Domestic Proprietary 
Information 

Among access issijes bri the domestic front 
in scientific arid technical ihfbithatibri is the 
problem of protecting proprietary infomiation. 
Such protection is a central ' . • ' 
commercial enterprises and oh., 
with clairhs: of the **r!ght" of ^ 
information. Patents and tr>tde & -m- 
the two most ^ .. mmon means of protecting 
the ownershijD of commercial information 
while promoting its creation and application: 
Patent laws attempt to encourage com- 
munication by requiring disclosure of infor- 
mation about inventions in return for a 
17 year legal monopoly. Trade secrecy law, 
on the other harid, allows employers to 
enforce nondisclosure clauses in contracts 
with employees or license.vs to protect 
specialized knowledge that gives a fimi some 
cbmpetitive advantage. 

Questibris bf bvA/nership arid cbritrbl bf 
iriformatibri are increasingly complex, par- 



ticularly in high-techiiblb§y fields such as 
micrbelectrbriics arid bibtechriblbgy, where 
the lines between basic arid applied research 
are riarrbwirig. For examjDie, patent prosjDects 
may affect release bf data arid inhibit com- 
rnunicatidri aitidrig scierilists who have a 
vested interest iri' research results (Nelkiri, 
1982: 706). Findings that may be important 
to the advance of basic research may be 
withheld from publication because of com- 
mercial interests in potential applications. 

The notion of scientific ideas and data as 
intellectual property, and the related question 
;.of ownership of intellectual property, are 
both critical to scientific and technical infor- 
mation policy. While precise definitions of 
intellectual property vary, it is generally 
assumed that inv»?stigatbrs have the right 
*;_tb enjoy the fruit of their intellectual labor'' 
{Naiibrial Telecbmmunjcatipns.and Infor- 
mation Adrriiriistratibn, 1981: 76). This right 
is iTOtected iri varyirig degrees by patent, 
tra Je secrecy, arid copyright law. The cbpy- 
iight laws protect iridividijal br grbup rights 
to ijn published arid published vvbrks for a 
specific period bf time arid peritlit cbrriperi- 
satidn to ^' r copyright holder for use bf 
the materials. 

Governmerjr support for R&D leads to 
questions about ownership and disclosure 
of data produced in non-Government insti- 
'Utions under Federal funding: Grant pro- 
X'isions favor public disclosure of research 
resc.its^ but those guide lir^es are considered 
subject to the researcher's right to decide 
v;hen results are ready to be published 
(Nelkin, 1981: 704). Funding agencies may 
equest access to data to verify the progress 
t^f research; this infon nation may, in turn, 
subject to disclosure upon request under 
th^ Freedom _oi Informajion flcLor other 
regulL.ions (Gcrdori, 1982: lOj. These are 
but a few of the probi arris of safeguarding 
the disclosure bf v j/^-bnal and prbptrietary 
irifbrrriatibri that has Seeri prbvided tb the 
Gbverrimerit. 

Scientific and TechnPcal 
iiufbrniatibri and Federa! 
R&D Policy 

Tt:e preceding iections bf this paper have 
outlined a number bf issues mvblving scien- 
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tific and tecfinicai information currently 
facing policymakers and the scientific and 
engineering communities. Several factors 
are combining to give these issnes a spe- 
cial urgency. 

The division of labor between the public 
arid private sectors in ihe provision of 
scieritific arid *echriical information services 
haDbceri uriuci discussion for several years. 
Ih' .ence has increased considerably, 
^\'J'.^ever. during the recent past, as the 
f feigan Administration, has sought to reduce 
j role of the Federal Government in society 
and to transfer to the private sector those 
functions that it believes can be performed 
'.Hdre efficiently and effectively outside of 
Government. At the sarrie tirrie as this 
redefinition of Federal roles arid responsi- 
bilities has been taking place, awareriess of 
the injportance of R&D and technologically 
based industry in economic recovery and in 
the solution of social and national security 
problems has been growing. 

In this context, there has been some 
discussion of shifting responsibility for 
functioris served by Federal scientific and 
technical information systems such as NTiS 
and NLM to the private sector. In general, 
these discussions have come up on a case- 
by case basis and have not been related to 
a systematic examination of Federal scientific 
and technical Information policy. Further, 
they have given little consideration to possible 
Ibng-tGrm consequences to theJJ.S. R&D 
systerri of lirriiting access of U.S. users to 
scieritific and technical information _a_n_d 
possibly allowing fbreigri control of U.S. 
scieritific arid technical inforinatibri resources, 
Issues of access to scientific and techriical 
irifdntiatidri have come to the fore rriairily 
iri terrils of growing emphasis bri riatibrial 
security concerns arid increased recbgriitibri 
of the importance of science-based tech- 
nology to U.S. security-— both military and 
economic. Although studies such as that 
conducted by the National Academy of 
Scienc^ have helped to focus the arguments 
in this area, the need to address national 
security concerns may drive policy in a 
manner not well jinked to broader questions 
of scientific and technical information policy 
(National Academy of Sciences^l 982): 

Finally, the technology of inforrnation itself 
is advancing rapidly and offering both prob- 
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lems and opportunities for the U.S. research 
system. The most recent Fiue-Yedr Outlook 
on Science and Techno/ogy suggests the 
potential importance to scientific and tech- 
nicF^I cornmunication of such developments 
as electronic **majl" [for rapid exchange of 
scientific data), the growing capabilities of 
electronic data bases, and new, electronic 
foims of rapid publication (National Science 
Foundation, 1983), The continued develop- 
ment and implementation of such technol- 
ogies, although likely to be based in the 
private sector, depends in part on the Federal 
role— both directly through Federal support 
for the development of associated tech- 
nblbgies. and Indirectly through incentives 
arid disincentives to ihe use of such systems 
built iritb Federal R&D policies. 

Iri these arid btherpblicy issues affecting 
scieritific arid techriical irifbrrriatibn, the 
Federal Gbverrirrierit plays many different 
roles, iricludirig: 

• Generator of scientific and technical 
inforrnation. through federally furided 
R&D efforts; 

• Provider/disseminator of scientific and 
technical information, through Federal 
information centers and data bases; 

• User of scientific and technical infor- 
mation, in its performance of R&D and 
in other technologically based activities, 
such as regulation: 

International negotiator, i.e:, repre- 
sentative of U.S. interests in various 
international forums; 

• Mediator of competing interests: 

• Policymaker, a locus of decision for 
cbritrbversial issues and authoritative 
allbcatbr of public resources; and 

• Source of technical aduance, through 
suppbrt bf R&D iri communications 
arid irifbrrriatibri technblbgy. 

The Federal rble is ribt exclusive iri any 
bf these areas. Cbrrirriercial eriterprises— as 
R&D perfbriners, as sources bf irifbrrriatibri 
technology, arid as prbviders arid users bf 
scientific and techriical irifbrinatibri services— 
are involved throughout, as are uriiversities, 
nonprofit organizations, arid prbfessibrial 
scientific and engirieeririg assbciatibris. 
Nonetheless. Government involvemerit is 
pervasive and inescapable as part of the 
recognjzed Federal responsibility in the 
support of R&D and application of its 
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products to the Government's and other 
national needs. This pervasiveness means 
that Federal policy for scientific and technical 
iriforrriation will be rhade and will have an 
irripdrtarit ihfluehce on the course of events 
in this area. The choice is between allowing 
that policy to be. shaped by unintended 
cbrisequehces of choices made in other 
dbrriaihs. making it the net result of numerous 
uhcobrdinated efforts, or, alternatively, having 
a policy developed on the basis of conscious, 
purposeful decisibris. based on data and 
understandiiig bf the issues arid structured 
tb lead to a desired butcbrrie. The irriportarice 
of scientific and technical irifbrrtlatibri tb the 
R&D enterprise dictates that it be the latter. 

Policy Options 

To address the issues outlined above will 
require a concerted effort on the part of 
policymakers in the Federal iSovernment 
and among the numerous other stakeholders 
whose interests are associated with the area 
of scl^intific and technical infonmation policy: 
Making the importance of the issues in this 
area better known and gaining the attention 
of individuals in organizations whose interests 
are involved Is an important first step to 
which this and similar papers, may contribute. 
Beyond this, it may be useful to suggest a 
riurriber bf specific options for further 
exarriiriatibri arid actibri: 

( 1 ) ReexafTiine pricing fDOlicies for Federal 
inforrnatioh seruices. Many bf the cbriflicts 
between the public sectbr arid the private 
sector in scientific arid techriical irifbrrriatibri 
policy center bri the prices charged users by 
Federal inforrnation services. Althbugh there 
are a variety of high-level policy statemerits 
on the subject, agency policies differ con- 
siderably and both the information services 
and their users could benefit from an overall 
systematic examination of pricing. The values 
of implicit and explicit subsidies to users 
should be included in the examination, as 
should alternative means of providing these 
subsidies. The concepte of differential pricing 
discussed above under the heading "public/ 
private sector conflicts in perspective" merit 
consideration in this context. 

(2) Make represen tation of U.S. interests in 
scientific and technical information a con- 



scious element of foreign policy. Actions of 
foreign governments in the infomiation field 
l'^.^".^^'?^^?^^^ ^^^^ significant negative 
impacjs on the U^S; R&D community and 
on U.S. scientific and technical information 
services, in both the public and the private 
sectors. Traditions and circumstances in the 
information field in the United States are 
different from those in other countries, and 
this country should not necessarily emulate 
the actions of others. It is essential, however, 
that U.S. foreign, policymakers recognize the 
impbrtance of U.S. scientific and technical 
informatibn interests and actively represent 
therri. The flbw of scientific and technical 
irifbrrriatiori is included arribrig these' interests, 
bbth as ari elerrierit bf foreigri trade and as 
ari iritellectual resburce for the U.S. research 
arid industrial cbrrirriuriities. 

(3) Examine the policy structure for sci- 
entific and technical information in order to 
define more cfearfy dut/idniy and respbrisi- 
b///'fy. Too often problems in scientific arid 
technical information seem to "fall through 
the cracks" because organizations capable 
of dealing with them do not exist at the 
prope^ hierarchical level or because high 
level policymaking bodies have too many 
competing interests to devote adequate 
attention to them. Creation of a new "Office 
of Information Policy," as has been pro- 
posed from time to time is not likely to be 
the answer. But a systematic review of the 
adequacy of existing organizational ar- 
rangements and a possible reassignment of 
respbrisibilities seem both appropriate 
arid tirnely. 

(4) Enhance du;dreriess of scientificjand 
technical information issues among R&D 
piolicymakers. Of the several cbritexts in which 
decisibris bri scieritific arid techriical infor- 
matibri issues shbuld be cbrisidered, that of 
R&D pbli jy is particularly irripbrtarit. Yet 
decisions bri scieritific arid techriical irifbr- 
matidri issues seem all tbb bfteri tb be rriade 
independently of R&D policy decisibris. R&D 
policymakers should be encouraged to 
recognize and pursue their interests in 
scientific and technical information issues. 

(5j Provide a forum for continuing dis- 
cussions among parties with different view- 
point and interests in scientific and technical . 
information policy. Apart from the other 
suggestions contained here, it would appear 
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that if real progress is to ma3e in resolving 
the issues of scientific and technical infor- 
mation policy; many organizations and 
individuals with widely differing viewpoints 
will need to subordinate conflicting interests 
arid act pri the basis of larger commori 
iriterest. An important step in this direction 
\vbuld be the establishrrient of a setting for 
iriitiatirig arid mexintaining discu^ions arribng 
these parties and a mechanism for assuring 
that the policy process is inforrried by the 
results of these discussions. 
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FCC felt the Act mahdated it to jDrbtect 
existirig^service, which defiriitipri (since 
the FCCjvas on the job) served the jDublic 
interest. This dfteri meant a cautious and 
even negative attitude toward any technical 
iriripvatibris that might threaten the financial 
health of cuiterit brbadcasters. Services that 
could have provided additional outlets for 
televisibri, causing rib interference and 
amelibrating scarcity tb some degree, were 
hampered by regulatory restrictions. The 
regulatory environment in turn dampened 
investment and innovation. The FCC's plan 
for allocation of Very High Frequency \VHF) 
and Ultrahigh Frequency (UHF) channejs 
to television stations wound up discourag- 
ing the formation of more than three national 
networks: Severe restrictions on the broad- 
cast signals that cable systems could carry 
and on the markets they could serve, strict 
and expensive sjDecifications for satellite 
receiving stations, and limitations on pay 
television held back the growth of cable (17; 
see_also 4; and 18: 11-16). 

These regulations may have protected 
the profits and services of existing brbad- 
casters. But, by the 1970s, it had becbrrie 
increasingly clear that techhblb^ was leaping 
beyond the bid assumptibhs. Scarcity did 
ribt seerri inevitable. New but lets fbr videb 
telecbrrirriuriicatibris were making it possible 
tb erivisibri a genuine competitive videb 
rriarketplace tb replace Government-regu- 
lated scarcity. Influential scholarly and 
political analyses of the banes of overregu- 
lation began appearing (29; 31), reinforcing 
the perception that a market approach was 
both feasible and preferable. Deregulation 
in such areas as trucl<ing and airline travel 
enhanced its acceptability among com- 
munications policymal<ers. 

Prompted by these developments, the 
FCC began to question the assumptions 
and loosen the bonds. The process of 
deregulation continues. Precisely where it 
should apply, and where regulation should 
be enforced or modified, is the major ques- 
tion this paper addresses. 

The GeDstationatv Sateiifte and the 
New Abundance. Although it is impossible 
to identify all the technical developments 
that undermined the psrsuasiveness of the 
scarcity assumption, probably the most sig- 



riificarit was the proliferaticri bf geostationary 
earth satellites. Perched 22,300 miles above 
the Equator, these small machines receive 
signals transmitted from earth stations and 
retransmit them to parabolic dish antennas 
Ibcated across wide regions (a time zone or 
two) (see 33 for a description of satelHte 
technology). They are now relatively inex- 
pensive to build, launch, and operate (26: 
219-23). As more were put mto orbit, more 
channels became available at progressively 
lower cost: This allowed television network- 
ing at a price significantly lower than that 
of the previously used land relays. Home 
Box Office (HBO), now the largest pay 
cable service with 9 million subscribers (7), 
was the first to utilize the potential. It began 
feeding movies to cable s^^tems via satellite. 
At first, HBO was hampered by FCC regu- 
lations. When the Commissibri dropped 
sbrne restrictions, HBO took off, tb be joined 
by dozens rribre satellite rietwbrks. 

It is difficult tb bverstate the rriagriitude 
of change: the United States went frbrri fbur 
televisibri rietvvbrks in 1977 tb sbrrie 50 in 
just 5 years. Perhaps 15 bf these reach sig- 
nificant riurribers of subscribers. With few 
exceptions, the cable nistworks currently 
reach much smaller audiences than the TV 
networks; many of the cable networks will 
not survive the decade. Indeed, the premier 
cultural network, CBS Cable, shut down in 
December 1982^ StiH, the new networks are 
profoundly changing video telecommuni- 
cations: Simultaneously, cable and other 
new delivery systems are creating capabili- 
ties besides mere relaying of entertainment. 

The Current Market and the 
New iBompetitors 

Broadcast Televisidii. The core of video 
rriedia remains the three cbmmertial broad- 
cast networks and their affiliates. There are 
about 610 stations associated with the three 
commercial networks, some 260 public 
television licensees, and 155 independent 
commercial stations. The industry had more 
than $8 billion in revenue [n 1979, over 
half of which went to the three networks 
and the five VHF stations that each owns 
and operates (40: 283): 6ver-the-air tele- 
vision continues to garner by far the most 
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viewere arid revenues. But its audience share 
is decliriiri§ as the newer services expand. 

Cable Television. As of i98i, there 
were some 4,350 cabie systerns with total 
revenues exceeding $1.7 billion (only about 
one-fifth of broadcast television's) (40: 291): 
Cable began as a rural service providing 
clear television signals to townsfolk beyond 
the_ reach of big-city broadcasters. As late 
as 1969, there were only 3.1 million sub- 
scribers. By October 1982, basic cable sub- 
scriptibri had risen to 27 million— about 
one in three of households with television. 
Pay cable services (prerriiurri prbgrarrirriirig 
such r ■ that offered by HBO for an extra 
monthly fee) are taken by nearly brie iri 
five TV households (7). These figures should 
continue to grow rapidly, especially since 
most of the Nation's largest cities are still 
in the process of being wired and several 
(^Setroit, Baltimore, Washington, Chicago, 
and New York's four outer boroughs) have 
barely begun: 

Gable service is organized into "basic" 
and "pay'* services: Basic includes broad- 
cast stations; automated services providing 
readouts of time, stock quotes, headlines, 
and weather; channels for locally originated 
shows; and a choice among some three 
dozen satellite networks. The networks earn 
revenues frbm advertisers and_ some charge 
cable bperators small fees (l-20<^/subscriber// 
riibrith). Arribrig these are brie "cultural" 
service, twb airried at wbrrieri, brie specializ- 
ing in black affairs arid culture, twb headline 
riews services arid twb rribre iri-dep>th public 
affairs channel.-, two erripihasizirig spbrts, 
one for children, and another for teeriage 
music afficionados. Basic service averaged 
about $7.69 per month in 1980 (14: 1). 
About a dozen pay services, which are pro- 
vided for additional monthly fees averaging 
$8:73 per month (14: ij, emphasize fairly 
recent movies, Broadway show«, and Las 
Vegas type entertainment shown without 
commercials. 

The older cable sv^tems — still one-half or 
more of the total — only offer 12 or fewer 
channels. Advances in cable technology 
now make it possible to provide 54 chan- 
nels on a single cable, and sj^tems using 
dual cable offer up to 108. 



Besides entertainment and news; these 
newest systerris iDrbmise to offer an array 
of. services that bring the widely heralded 
irifbrrriatibri age tb fruitibn. The basic tech- 
nical inribvatibri js the micrbprbcessbr. The 
silicbn chip erubles the cable, tb go tvvb- 
way-^essentially Irist^lling small cbrriputers 
at the subscriber's end and.a larger cbmputer 
at the systerri end. Central cbmputers. rriight 
be liriked iri turri to corrijDuters ruri by bariks, 
riewspapers and bther data bases, mer- 
chandisers, arid security alarm services. 
Shopping and banking at hbrrie, electrbriic 
newspapers, interactive inforrriatidn retrieval, 
and home and business security are pro- 
vided on some cable systems. In addition, 
cable can be used to hook up institutions 
and businesses for high-speed, high-volume 
data transmission as well as teleconferenc- 
ing: Such a network has existed in Manhattan 
for 8 years. All of this can be done much 
less expensively than by telephone because 
of the larger frequency capacity of coaxial 
cable compared to traditional uses of the 
twisted pair of copper telephone \A^res. Ralf- 
inch coaxial cable can handle as much 
information as 30,000 twisted pairs (26: 
327:37). 

All the charinels cable offers maybe sup- 
plerrierited by several bther infarit or abbut- 
tb-be-lauriched services. 

Subscription Teievision. !n recent years, 
the FCC also relaxed its restrictions on sub- 
scriptibn television (STVj, wfiich broadcasts 
a scrambled signal over one channel and 
rents the descrambler for $20-25 per month. 
The fare is similar to that of pay cable. As 
bf September 1981, there were estimated 
to be_1.4 millibri subscribers (41). The future 
bf STV is prbblerriatic. Where cable is avail- 
able, cbrisurriers cari purchase basic, cable 
service arid brie or twb pay chanriels for the 
price bf brie SIV chaririel. 

Moitipoint Distribution Service. Mul- 
tipoint Distribution Service (MbSj uses an 
^'^."^A^'L^^J*^"^' mjcrowave transmission for 
one channel bf commercial-free premium 
entertainment: Most MDS systems offer 
HBO or other cablelike services for about 
$20/month. There are 400,0130 MDS sub- 
scribers currently, with a projection of 1:4 
millibn by 1985 (40: 303). Althot-:jh one- 
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channel service wduld appear little cbrriiDe- 
titibri to cable, the FCC has aiithorized five- 
chaririel MDS. If five channels with high grade 
Pfferihgs were jDriced below or with cable, 
MDS cbiild prbve a vigorous corripetitbr. 

Direct Broadcast Satellite. The FCC 

has authorized a new service that will em- 
ploy satellites broadcasting directly to homes 
equipped with small (under 1 meter) re- 
ceiving dishes. The equipment will_ cost 
$20(}-5()0, with a monthly charge of $20 
fbr three br four channels. The naiscent 
industry is explicitly targeting thbse horries 
likely tb be beybnd the reach of cable (19). 
The Direct Brbadcast Satellite (DBS) service 
shbuld begin by 1984. 

Loiv-Pbiver Television. The FCC has also 
authorized a low-power television station 
service (LPTV) and is currently processing 
several thousand applications, Tnough using 
a fraction of the power of full service sta: 
tions (thus avoiding interference) the typical 
LPTV operation could cover a radius of 12- 
15 rriiles—enbugh to serve Washirigtbri, 
D.C., and rriariy bf its clbser suburbs. Equip- 
rrient start-up cbsts are as Ibw as $100,000 
(16: 80; 25). 

The aiithbrizatibri bf LPTV illustrates 
changes in Cdmmissibri thinking that are 
helping to stimulate abundance. The FCC 
staff report recommends that ''consumers 
should be able to take full advantage of the 
technologies available in the marketplace 
under the presumption that competition will 
best serve the interests of the pablic" (16: 
182). Far from regarding competition as a 
threat to the pablic interest, the FCC staff 
report holds it to be the best way to achieve 
the public interest. 

In accepting these recommendations, the 
Commission was influenced by technological 
changes. The cost of production equipment 
has decreased significantly, due in part to 
the drop in the price of microprocessors. 
Those components have also increased 
equipment reliability and diminished the 
danger of interference. Sirriultanebusly, the 
new availability of inexpensive satellite 
channels arid earth stations eriharices the 
possibility bf forrrtmg natibrial netwbrks bf 
the Ibw-pbwer statibris (25: 39-58). 

A Note on Telephone and Other Media. 

Space limitations preclude consideration of 
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equally epochal alterations of the telephorie, 
corriiDuter, arid radio brariches bf telecbrri- 
riiuriicatibris; also brriitted are' videbdiscs 
and videbcasseties. Lines betweeri the tech- 
riblbgies grbw less and less distirict, hbwever, 
arid develbpriierits iri these areas will iilti- 
niately affect televisibri arid cable. 

The telephorie iridustry will alter iri espe- 
cially dramatic fashidri as a result of recerit 
antitrust rulirigs. AT&T will no longer provide 
local phone service. It will instead expand 
from long distance service and equipment 
provision into Information and computing 
services. In all these markets, AT&T will 
face increasing competition: The company 
is not likely to become active in the video 
field in the near future, except perhaps in 
delivering data to be displayed on TV screens 
(teletext or videotext); In the longer term, 
AT&T and its telephone competitors may 
well nurture new technologies that compete 
more directly with cable and broadcast video, 
but these are not predictable now. 

Emerging Policy Issues 
and Options 

The rise of the competitive video systems 
is the major fact of life for the three com- 
mercial networks and for public television. 
(Growing competition, is the driving force 
behind virtually all of the legal and regu- 
latory issues and initiatives that pervade 
broadcasting (see 28). Only cable and brbad- 
castirig now pose sigriificarit cbrripetitive 
threats to each bther, but all the alterria- 
tives figure iri currerit pblicy debates arid 
iridustry plaririirig. Uriderlyirig most pblicy 
issues iri bbth cable arid brbadcastirig, in 
fact, is one ceritral qiiestibri: Just how vibrant 
is the cdmpetitidri betweeri them? For 
representaMves of each iridustry, the strength 
of the other provides the sustaining theme 
to calls for deregulation. With cable systems 
offering dozens of outlets, broadcasters say 
channels are no longer scarce, rer :oving 
the need for regulations based on scarci^: 
For cable operators, the continuing popu- 
larity (and wealth) of broadcast networks 
provides a competitive check preventing 
abuses of the cable system s local monopoly. 

The transition from a regulated and rela- 
tively uncompetitive video market with a 
handful of channels to competition arid 
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abundance is raising four interrelated sets 
of [ssues: 

• How should purticipation in the video 
marketplace be regulated? This issue 
includes Goyernment licensing and 
franchising and technical standard- 
setting: 

• How should the video conteni— the 
entertainment and information mes- 
sages themselves — be regulated? This 
issue includes questions about ensuring 
balance and diversity in broadcasting 
and cablecasting. 

• What policies will best ensure that a 
tru/y competitjue uideo market emerges 
arid persists? This problem encompasses 
regulating cross-owriershijD arid jbirit 
veritures arribrig rriedia corpbratibris 
arid erisuririg prbgrarrinlers* access tb 
new outlets. 

• What dangers to derribcratic rights arid 
assumptions are posed by the tele- 
communications revdiutibn? The two 
matters of greatest significance here 
are the protection of privacy and the 
possibility of an information gap opening 

up between rich and poor. 

These will be the subjects of the remainder 
of this paper: 

Participatloh in the Video 
Marketplace 

The arguments for deregulation of eritry 
and exit — for extending license or franchise 
terms indefinitely— are based largely on the 
increasing competition between broadcast 
and cable television. Limited license and 
franchise terms were designed to subject 
performance to evaluation every few years: 
Some argue the effect has instead been to 
discourage efficient investment: 

Televisibh License Terms. Although, in 
practice, television licenses are virtually 
never revoked, the need to face the Commis- 
sion triennially was felt by some to have 
induced rnbre cooperation with viewer 
groups and thus better service. Now, the 
deregulatibri advocates argue, competition 
frbrri bther video providers creates an 
iriceritive for high-quality pjerfbrrriance by 
licerisees. Besides, they say, sirice the Com- 
rtiissibri hardly ever revokes, reriewal paper- 
work reduces tb little rribre thari ari experi- 



sive ritual. AjDpareritly buying that argurrierit, 
Cbrigress extended televisibri license terrris 
tb 5 years iri 1981, arid the FCC Chairrrian 
appears anieriable tb exterisibris that would 
essentially create a private jDrbfjerty right 
in licenses. Gbverrimerit renewal wbuld ribt 
be necessary and current restrictibris bri 
buying and selling station licenses wbuld be 
lifted. Market entry and exit would be left 
to the market; 

Cable Licenses Are Local Franchise 
Agreettiehts. Regulatibri bf piarticipation 
iri the cable rriarket has beeri quite different. 
With few exceptions, rribst bf the regulation 
is perfbrrned by State arid local gbverrirrierits. 
The FCC has discbntiriued most bf its cable 
regulations. Municipalities negotiate 15-20 
year franchise agreements with cable cbrn- 
panies, which they (sometimes with a State 
agency) oversee and enforce. Not suiTDriS' 
ingjy, the indust^; confronts a set of demands 
and strictures that varies widely from locale 
to locale. Citing the competition they face 
from broadcasrers and other technologies, 
deregulation advocates have requested 
national legisJation to codify and limit the 
jurisdiction of local governments. 
_ Such a bill, S.2172, passed the Senate 
Comrrierce Committee in July 19_82. A 
sirnilar bill, S.66, was passed by the Senate 
iri 1983. Perhaps the most controversial pro- 
visibri is the requirerrierit that cities renew 
the franchise agreerrierit upon shbwirig bf 
reasonable compliance with its jorbvisibris. 
Fractious rerieu^l negbtiatibris have alarrried 
the industry. Industry members feel srriail 
towns and cities with older systenis are 
making unreasonable demands at renewal 
time for totally new lOS-channel state-of- 
the-art^ ss^tems. They feel these are not 
good investments outside densely populated 
metropolises (and perhaps not even there). 
Broadcasters, MBS, STV^ DBS, and the rest 
face no such close controls on investment: 
The Senate bill, they claim, will allow all 
the video providers to "compete on a level 
playing field." The legislation would, in 
essence, give cable operators indefinite local 
licenses of the sort television stations are 
also seeking. 

City governments, with experience in 
negotiating and administering franchise 
agreements, point to studies showing virtually 
no franchise renewals denied. Like the 
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advocates of continued FCC broadcast 
licensing, they argue nonetheless that the 
renewal processes keep the companies 
honest jri a wayjthe marketplace simply 
cannot (see 39). The N_aiional Cable Tele- 
vision Association (NCTA) will certainly 
cbritiriue to seek deregulation. 

Government Standards Versus Market 
Reliance. On FCC standards, Christopher 
Sterling has written, *Tdr decades, the 
Cdmrtiissioh's fdle was clearcut: industry 
developed potentially competitive standards 
for a given spectrum- using service and then, 
under FCC guidance, comparatively testpid 
them. Based upon the resuits:::the FCC 
would then decide which transmission 
standard best served the public interest.:::" 
(37: 138): Now» however, the introduction 
of competing new technologies has been 
so rapid "as to defy careful policy consid- 
eration." (37: 139). In addition, budget cuts 
at the FCC have severely limited Its ability 
to engage in the complicated process of 
standard development. And, with proliferating 
market alternatives, many question the need 
for Gbvemrrierit to make detailed prbclarria- 
tions as to what is in the public interest. 

The FCC seems to be movirig away from 
setting standards on the assurrijDtibh that 
standards decrease the speed arid raise the 
cost of establishirig ari iriridvatidri in the 
marketplace. The FCC's recent decision not 
to set a standard fdr stered AM radio re- 
flected, in part, this belief Critics have argued 
that the effect could be just the opposite, 
however. Because of the inevitable period 
of competition among alternatives, ail but 
one presumably becomes obsolete: That 
discourages investment: Opponents also 
assert that antitrust rulings limit the ability 
of private manufacturers to set their own 
standards, that large radio manufacturers 
and not individual consumers will make the 
ultimate selection, and that the period of 
competition will allow foreign manufacturers 
to gain a foothold (37). 

Deregulation advocates counter that there 
is no clear evidence for any of these claims. 
In addition, in some uses setting standards 
would have riegative effects on specific 
population groups. Existirig Ibw-pbwerteje' 
vision standards, for exarriple, cbuld price 
LPTV statibns beybrid the reach bf rural 
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and urban mihbrity audiences who are suid- 
pb^ed to beprirrie beneficiaries bf the service 
(37: 144), Finally, the inevitable problem 
with. standards is that they may rigidly shut 
jut future techriical iriribvatibris. One sug- 
gestibn has been tb erifbrce a staridard fbr 
a few years tb allow the techriblbgy to take 
hbld. arid theri **suriset" the rules. If ariy 
superior techniques arise, they are then 
alldwed td participate arid succeed or fail 
in marketplace cdmpetitiori against the old 
staridard. The debate is likely to continue, 
with stereo television transmision standards 
looming as a major test of whether the 
Commission will bow to the pressures of 
those who want it to set standards to speed 
innovative market entry, or will stay the 
deregulatory course (36; see also 38 and 
42: 83-86 on videotext standards). In either 
case, the relatively slow pace of FCC de- 
liberation contrasts sharply with the hyper- 
activity of cbmrnuriicatidns technology. The 
FCC will likely lag behind technblogical 
developments fbr sbme time tb come— 
yet another argumerit fbr thbroughgbihg 
deregulatibri. 

Content Regulation 

There cari be rid ddubt that cable has greatly 
reduced scarcity df chaririels fdr its 27 million 
subscribers. But that fact in arid df itself 
ddes ridt answer the coricerns of those who 
favor cdritiriued "public interest'' regulation 
of video content. Rising competition between 
cable and broadcast television does not 
guarantee accomplishment of the original 
goals of content regulation: 

"Fairness" of Telecasting. Several rules 
designed to promote public enlightenment 
regulate the content of telecasts. Among 
these the most contested is probably the 
Fairness Doctrine { 13). The doctrine stipulates 
that stations must devote time to controversial 
issues and must offer reasonable opportunity 
for the discussion of cbntrasting views bn 
them. Many bbservers believe the effect bf 
t_his rule is tb discburdge issue prbgrarriming. 
Statibris fear ariy cbritrbversial view they show 
will subject them tb derriarids fbr time from 
bppbrierits, br cbmplairits to the FCC if th^ 
deriy requests fdr access (30; 31). Public 
iriterest grdups cduriter If the FCC vigdrdusly 
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and diversity. More important, the eco- 
nomic future of cable networks is far from 
guaranteed: 

If, after a shakedown period, only a handful 
of basic, rhass-targeted, ad-suiDported cable 
networks survive alonig.wlth a few pay 
services, the rnarket v^ll be less abundant 
than prorriised. Serving narrower interest 
audiences, as cable was supposed to do, 
may simply turn out to be a bad irivestrrierit. 
Kay KopTovitz. president of the ad-supported 
USA cable riet\A/ork, believes thai ''the eco- 
nbrriics are very tbiigh for harrbwcasting, 
arid the narrower the prbgrammirig the 
tougher it gets" ( 1 1 : 60). A major economic 
study released in September 1982 predicted 
drily 8-10 viable ad-supported cable networks 
by 1985 (22). 

Beyond this question is the potential 
problem of channel scarcity: Several pay 
and basic networks started up in 1983, 
including a Disney channel and a country 
music service. A substantial proportion 
(upwards of 50 percent) of systems — those 
with 12 or fewer channels— will not have 
the capacity to carry them. Even some rela- 
tively new SB-channel systems are full. 

Of course, more optimistic scenarios can 
be constructed. Arid the benefits of a half 
dozen or dozen riew networks, even if rhass- 
targeted, should not be gainsaid. The ques- 
tion remains whether the rnarket as it is likely 
tp errierge actually will serve the sarrie erids as 
FCC regulation was desigried to do. Will 
diverse views flower? Local prbgrammirig? 
Political debate? What shbuld be dbne if 
the rnarket fails arid if we remairi skeptical 
about rnbvirig back toward a more heavily 
intrusive FCC (see 21)? 

brie dptibri is to abandon the goals them- 
selves as urireaiistic. Another option is to 
rely upon the new videotext services, more 
attantjd to information than entertainment, 
to multiply the access of citizens to wide- 
ranging information. The competitive re- 
sponse of the newspaper industry to videotext 
may enliven them both. Indeed a reasonable 
scenario may be substantial competition in 
video mass entertainment via broadcast, 
cable, and the technologies aborning: and 
competition in information provision via 
videotext. newspaper, maga;nnes. and books. 
While less than the nirvana of corripetitive 
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abundance sonie erivisiori, this Si;«terri would 
offer significantly rhore thari the jDreserit 
regulated rnarket. 

QwncrsHip Restrictibris. In the late 
1970s, the FCC appeared to be moyirig 
away from coriterit regulatibri biit toward 
stricter oversight bf market structure, with a 
great coricerri tb preverit anticbmpetitive 
cbmbiriatibris bf media critities. By 1982 
that teridericy had all but disappeared. 
Dereguiatibri iri this area too is a clear goal 
bf the Commission majority. 

Current restrictions on ownership take 
several forms: Single entities are not allowed 
to own more than seven television stations 
(a maximum of five can be VHF) (47 G.F.R. 
73:636(bjj: Television stations cannot own 
cable systems or newspapers located in the 
same area (with some ''grandfathered"-in 
exceptions): nor can the TV networks own 
cable companies, although this restriction is 
one of those in prccess of abolition (1: 35-36). 
The FCC places no lirriit on the number of 
cable systems a single entity can own and 
does not prohibit a cable cbrripariy frbrri 
common owriershijD with a newspaper. Pro- 
ponents bf further deregulatibn ask, precisely 
vvhat harrri would cbrrie bf a free market in 
television statibris and bther media? Com- 
pared tb rilariy iridustries. television station 
arid cable bwriership are far from concen- 
trated. Ecbribmies of scale might well improve 
the service offered by those independent 
TV stations and/or cable s^tems absorbed 
into large conglomerates (see 17): 

On the p_ther side stand those fearful of 
the concentiitton of political power that might 
accompany large-scale acquisition _and 
merging. Those who favor continued FCC 
regulation also point to numerous potential 
abuses by cross -owned newspapers, television 
stations, and cable s^tems, whether in setting 
advertising rates or covering local issues, and 
campaigns. These possibilities, they feel, are 
not necessarily susceptible to cure by corn - 
petition from other rriedia outlets. Regulatibri 
proponents further base their legal case bri 
the ''Associated Press principle" (326 U.S. 
1 (1945)1— that the uriderlyirig assumptibri 
of the First Arriendrrient is that the Arnericari 
people will receive irifbritiatibri frbrn diverse 
arid aritagoriistic sburces. 
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Some complex interactions between ef- 
ficient investment and innovation make 
choosing policy quite difficult: The established 
TV rietuADrks have all been moving vigorously 
into the new technologies. If, as sorne suggest, 
this entrance should be foreclosed, CBS, et 
al., rriight be dobrried to stagnant jDrbfits at 
best, bankruptcy at worst. Keeping the 
networks put of cable, MDS, DBS, and the 
rest would prevent them from responding 
fully to the evolving rnarket. On the other 
hand, by letting them into jpiht ventures in 
cable program prdductibh or direct ownership 
of cable systems, the Gbverrirherit risks 
anticompetitive behavior as well as viblatibh of 
the "Associated Press principle." 

Deregulafion advocates appear confident 
that the burgeoning marketplace would 
indeed prevent transgressions, that the Anti- 
trust Division of the Justice Department will 
be on guard, and that private antitrust suits 
will be effective enforcers of competition. In 
apparent agreement; the FC€ has been 
mbving quite forcefully toward deregulation 
of ownership restrictions. Congress has not 
yet spoken bn the issue. 

Access to Cable Systems. A repre- 
sentative fear bf thbse who endorse con- 
tinued ownership ovei^ight is that local cable 
systems may become bottlenecks that block 
program and service_providers who desire 
access to subscribers. The barriers may result 
from vertical integratibn, where bne company 
has an interest both in the system and In 
prbgrarn services. Such integratibn is corn- 
rribri. Arriericari Television arid Cbrrirriuriica- 
tioris (ATC), the largest cable systerri operator, 
for example, is owned by the sarrie corporate 
parent as Home Box Office: Time Inc. While 
HBO is offered on essentially every ATC 
system, its competitors are offered on only 
a few. 

There are numerous tie-ins of this sort 
between^ program suppliere and cable sys- 
tems: In addition; many cable program 
networks are joint ventures between two or 
more cable ^em operators: Such networks 
may gain easy access to their parent corpora- 
tions' cable s^tems. With a continued short- 
age of open channels bn most ^ems; cable 
programmers who are not related to cable 
bperating corporations may be shut out. 



_ One solution proposed for bottlenecks is 
mandatory leased access: setting aside a 
portion of each system's channels as open 
to the highest bidder: The cable industry 
strenuously opposes such jdeas: With some 
reasbn, it fears enforcement of leasing 
requirements would lead to treatment of 
cable as a public utility, with all of its well- 
known inefficiencies. Other alternatives have 
been proposed (for example, separated 
subsidiaries or compulsbry arbitration). Most 
believe that '-equired leasing br other forms 
bf access could be mandated only with close 
overset bf rates and leasing practices. The 
cbsts or such an apparatus may butweigh 
ariy beriefits bf unclbggirig the bbttleneck 
(see 5). A preferable alterriative may be 
reliance upon private antitrust suits, where 
courts can impose treble-darriage settlerrients 
on anticompetitive firms. 

Protecting the Rights of Individuals 

Iri the gibw bf enthusiasm over the new age 
bf multifaceted iriforrriation, two central issues 
bf individual rights will nbt be overlooked. 
The first is privacy; the second is a pbtential 
irifbrrriatibri gap. 

Privacy and the Nature of Two- Way 
Cable. The privacy problem exists in direct 
propbrtion to the enormous potential of 
two-way interactive cable. Essentially unlim- 
ited amounts of information can be stored 
in cbmputers and transmitted via cable: 
Videbtext subscribers can send orders to the 
cbrrijDuter fbr specific items — from news 
reports to recipes tb bbbk chapters and much 
more (see 23). The sarrie marriage of com- 
puter arid two-way capability enables cable 
systems to cbriduct iristarit pblls including 
the widely publicized "Qube" pblls bn some 
Warner-Amex systems; barikirig arid shbp- 
ping at home; and "pay-per-vnew''shbwirigs 
of first run movies and prize fights. 

The computers for these interactive sys- 
tems, then, will collect detailed irifdrmatibri 
on program preferences, finances, shopping 
habits; and political opinions of subscribers. 
These data would be enormously valuable 
to merchandisers; political candidates, em- 
ployers, credit raters, and; conceivably, public 
officials ferreting oaj dissidents: Cable 
operators will be under considerable eco- 
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ribrriic or political jDressure to sell or share 
these valuaHle data, individual cable systeffl 
erriiDlbyees may be subject to blandishments 
from those who want embarrassing infor- 
rriatibh about a specific individual (perhaps 
a candidate). Legal action may be brought 
to bear by police forces or parties to lawsuits 
to force the release of data. As conriputer 
networks become increasingly intertwijied 
and interdep^ ndent, the dannage that mjs- 
tai<es or incomplete entries rnight do to an 
individual's credit rating or job prospects 
increases — as does the difficulty of discov- 
ering or erasing an error (see 42). 

Government regulations already cover 
credit rating services, although they might 
not cover all the contingencies raised by the 
new technologies. Local cable franchise 
agreements often include provisions for 
privacy protection. Wamer-Amex» the owner 
of Qube, has Its own voluntary code of good 
practices. Local oversight and voluntary self- 
regulation rriay prove sufficient. 

Yet one aspect of the dilernrria is that 
viblatibhs bf j3blicy are difficult to detect. 
Corriputers will be exchanging irifbrrtiatibri 
with each other and rnay nbt leave an easy 
trail for privacy guardians to follow. Another 
difficulty is that the conceptual line between 
legitimate uses of the data, say in assessing 
credit reliability, and forbidden uses may not 
be easy to draw. 

Possible Ameliorating Factors. Video- 
text is in the earliest stages of development, 
jt rnay never become widespread. To the 
degree it is not, privacy concerns .recede. 
Currently, the cost is quite high— $10, for 
example, for a half-hour's use bf the 
CompuServe data base (which includes the 
W(^hington Post and bther newspapers) (8). 
In England, hbme use has fallen drastically 
short bf prbjectibhs (38). 

A secbnd fbrce that rnay prbtect privacy 
V, He sarrie techhblbgy that threatens it. 

criber signals cbuld cbntain codes that 
■m^j-. e their Identity or cause autqrnatic 
^H^, from the central computer's memory. 
^ rotections could be rnandated by 
Tm^i^,^ ?nforcedjf built ir^to the computer 
mmi<-im< and software: Then the issue will 
m m- m political one: which data should 
Hit .«*Srt». ected and which should be open 
ercial exploitation? This is likely 



tb be an issue for some time. In some was« 
the battle lines will resemble those between 
ecological conservationists and developers; 

An information Gap? A second policy 
concern is the possible development or 
widening of an . iformation gap arhbng the 
cifizenrv. If cable and network television offer 
rnore entertainment choices than ever before, 
and videotext and other forms of two-way 
cable remain expensive, two classes cbuld 
arise. One group wbuld be even more 
attracted to and dependent upbri televisibh 
entertainment than is already corrirribn. 
Another, rnuch srrialler segment would have 
expanding world bf ihfbrrnatibri at its' 
call. Oh^ for a small ^oup who cbuld affbifd it 
wbuld the cbrripetitive videb marketplace 
be fully irriplerrierited. For the rest — those 
living in rural areas beyond the reach of 
cable, or families unable to commit $50 or 
rribre per month to video — there would 
perhaps be some more entertainment chan- 
nels, but visions of an efflorescing world of 
competing ideas and alternatives would 
simply not pertain: 

This seems an undesirable outcome, but 
policy solutions are elusive. "Electronic 
information stamps" or tax credits could be 
offered to the poorer classes in recognition 
of the inherent right (or democratic desira- 
bility) of all citizens to have equitable access 
tb informatibn. A universal service dbctrihe 
could be implemented in cable as it was fbr 
telephone service, where business arid urban 
Ibng distarice (iri bther wbrds, rriiddle and 
upper class) users piajd higher rates tb keep 
rural arid urban Ibcal calling inexpensive. 

But even if such pblicies were imple- 
rrierited— and they would be costly — citizens 
cbuld ribt be required to seek or use infor- 
matibn (8). Nor could they be prevented 
from seeking gratification in entertainment. 
The information gap could arise whatever 
policies are attempted. Debate over this 
problem may come to replace the well-worn 
arguments over television's encouragement of 
violence and debasement of reading skills 
(see 12; 32). 

Conclusions 

The video telecbrrirriurilcatibris industry is 
in great flux. Technblbgies that secrried 
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unmoving are now progressing rapidly. 
And assumptions and policies that brice 
seemed sacrosanct are now vigorbUsiy 
debated— and^dtered; Indeed the regula- 
tion of telecommunications is now changing 
almost as rapidly as the technology of 
telecommunications: 

Though by no means certain, the most 
likely legal and regulatory scenario for the 
rest of this decade is a shift in both the 
substantive focus and the locale of the video 
regulatory action. From a concern with 
licensing standaixls and regulation of content, 
the erriphasis will rnbve toward maintaining 
a cbrripetitive marf<et structure — and deciding 
just how freely cbrripetitive the rnarket should 
be. In particular, the policy debates and 
directives will be in the realrri of antitrust. 
Telecbrnmuhicatibris players will atterript to 
protect cbrnpetitive pbsitibris, sbrrietirries by 
limiting cbmpetitibh. Arid they will bp)p)bse 
as anticompetitive those actibris arid actbrs 
they perceive as threateriirig their grbwth. 
As a concomitant, the scenes of greatest 
regulatory activity will switch from the FCC 
to the Congress and courtrooms. The Com- 
mission will be relegated to increasingly 
technical (though hardly apolitical) matters 
of standard-setting: 

On the question of regulation of entry 
and participation in the rnarketplace. it 
appears Government will remain involved 
but to a lesser degree. A cautious attitude 
toward nevv entrants will be reiDlaced by a 
warmer welcome. Setting technicaLstandards 
for entry rriay rerriairi a major FCC function. 
But even here the Cbrrirriissibri has recently 
eviriced a distaste for iriterveritibh. 

Debate about cbriterit regulatibri will center 
in the riear terrn bri the advisability of 
overseeing broadcast televisibri. Iri the slightly 
longer run, it seems quite possible that rnbst 
FCC content regulation of IV will be elirin- 
mated de facto if not de jure, and that few 
rules will be applied to cable and the emerg- 
ing video media. 

The matter of maintaining a competitive 
marketplace will probably become increas- 
ingly complicated, the hopes of free mar- 
keteers for wholly hands-off government 
notwithstanding. For many years, the estab- 
lished members of the telecommunications 
industry enjoyed a quiet, quasimonopolistic 
existence, where each respected the other's 



tiirf. Now, cbriflicts between telecbmrnuhi- 
catibris cbmpiariies iri the legislature arid 
cbiirtrbbnl may grow rribre iriterise as jDOteri- 
tial cbrtlpetitibri arid stakes in. the rnarket 
grow. For example, the NCTA receritly 
announced that it nlay seek legislative pro- 
tection from the eritrarice bf AT&T iritb the 
video and videbtext markets (27). 

Individuals' rights tb privacy arid tb irifbr- 
mation access will emerge as majbr cbricertis 
for some groups. This area may gerierate 
L^J^J^.^^l publicized controversy, the mbst 
phiiosophicaily puzzling implications, and the 
least definitive solutions: The FCC will have 
little role here; the iSongress and courts will 
be the arbiters of any policy that emerges. 

Government officials who make the final 
policy decisions will be weighing complex 
uncertainties and tradeoffs. If they choose 
wisely, the outcome should be a reshaped 
iridustry cbntributing substantially to a 
revivified Arrierican econbmy. 
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and participation in the rnarketplace: it 
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FCC content regulation of IV will be elirin- 
inated de facto if not de jure, and that few 
rules will be applied to cable and the emerg- 
ing video media. 

The matter of maintaining a competitive 
marketplace will probably become increas- 
ingly complicated, the hopes of free mar- 
keteers for wholly hands-off government 
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existence, where each respected the bther's 



tiirf. Nbw, cbriflicts between telecbmmurii- 
catibris cbriipiariies iri the legislature arid 
cbiirtrbbrri may grbw rribre iriterise as pbteri- 
tial cbrtlpetitibri arid stakes iii.. the rnarket 
grow. For example, the NCTA receritly 
announced that it rtiay seek legislative pirb- 
tection from the eritrarice bf AT&T iritb the 
video and videbtext markets (27). 

Individuals' rights to privacy arid tb irifbr- 
mation access will emerge as majbr cbricenis 
for some groups. This area may generate 
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Trends in Compulers and Communication! 

The Office of the Future 



Abstract 

Office automationand conrirnunication technologies have just begun to penetrate the U.S. 
market. They promise dramatic gains in productivity in the service sector of the ecbribmy 
and equally dramatic gains in the productivity of individual firms and agencies. The prbrriise 
of productivity gains from office automation comes at a time when the U.S. ecbribrriy is 
shifting from a manufactunYig to a service base and is experiencing ah associated decline iri 
productivity growth rate. Because the expected promise of the new office autbmatibn 
technology has not yet been realized, several Jssaes confront policymakers in both public 
and private Institutions. This paper describes the new technology and some of the reasons 
that have been offered for its unexpectedly slow acceptance in the marketplace, anticipates 
some bf the implications the new technology has for the nature and organization of office 
wbrk iri the future, and offers some thoughts on the broader societal consequences of office 
autbrriatibri. Djfierent problems and policy Issues arise, depending upon whether the new 
techriblbgy will be accepted rapidly or slowly. The paper identifies these problems and 
discusses actibris that could be taken by industry. Government, educational institutions, and 
others tb address therri. 



Introduction 



Context of the Probiem 

Iri the bffice bf the jDreserit, routine functions 
such as payrbll, billirig, iriveritory, and a_c- 
countirig are carried but 6y cbrriputer. In 
the office bf the future, ari eribrrribusly 
expanded rarige bf fiirictibris will very jDrdba- 
bly be carried out by cbniputer arid liriked 
vm communications rietwbfks. Iri sbrrie 
scenarios, no "office" per se exists; bffice 
functions are performed by machiries arid 
human operators without close proximity 
to one another: One familiar technology iri 
the office of the future will be word proc- 
essing. In the future, documents will fre- 
quently be typed in one location and pro- 
duced automatically at another. Processors 
themselves will have substantial stand-alone 
computing capabilities and will communicate 
with one another. Many printing shops will 
be replaced by "reprographics" installations 
using cbrriputerized typesetters, video data 
terminals for photo composition, and high- 
speed, ribri-irripact printers. Computer output 
will be stbred directly on rnicrbfilm or other 
recbrdirig rriedia. Face-tb-face meetings will 
give way tb telecbrifercricirig. All internal 
corresporiderice will be haridled electrbriically. 
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as will much cbrrirriunicatibh with other 
brgariizatibris, arid all these technologies will 
be iritercbririected via telecbrnmunications. 

These riew capabilities rriean that the office 
of the future will have tb be brgariized arid 
managed very differently frbrri the present: 



Hierarchical levels can be elimiriated, 
spans of control extended, middle man- 
agement personnel utilized more effec- 
tively, better coordination introduced in 
responding to changing business condi- 
tions, etc. Thus, the Office of the Future 
concept is not just the automated office 
or the electronic office; rather, it is one 
in which new technologies give senior 
management the opportunity to consider 
entirely new approaches as to how best 
tb organize, manage and control the 
enterprise.' 



Together, these technological, organiza- 
tional, and managerial changes promise 
dramatic increases in productivity In non- 
manufacturing sectors of the U:S: economy. 
They will occur as the economy undergoes 
profound changes that began early in the 
20th century. 

During this century, the United States 
marked, its. passage into the postindustrial 
era. In 1900, only about 25 percent of the 
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U.S. labor force was cprrippsed of white-collar 
and service vwDrkers, with the bulk of wbH<ers 
engaged in blue-collar (35 percent) arid farm 
(40 percerit) emplbyrrierit. By 1980, more 
than 60 percerit of the labor force was 
working in white-collar arid service jobs, with 
drily a decreasirig miriority of workers em- 
ployed as blue-collar and farm workers. As 
the white-collar workforce has grown during 
the past 30 years, particularly rapid expansion 
has been occurring in three job categories: 
professional and technical workers, cjerical 
workers, and managers and adminisSafors.^ 
These trends are expected to continue 
through the 1980s and beyond. 

A central feature of the contemporaii; 
employment setting is the emergence of 
information handling as the major task 
among workers: 

Gradually and almost imperceptibly, the 
U.S. economy since 1940 has been en- 
gaged In a transformation that is unique 
In the history of mankind: By the mid- 
195bs our working population was pre- 
dominantly engaged in information 
handling: more people were involved in 
the manipulation of information than 
were employed in mining, growing crops, 
raising cattle, manufacturing goods, or 
providing personal services. The *'infor- 
mation society" became in fact a proper 
expression of predominant societal 
characteristics.-^ 

Those whose work coritributes to the infor- 
rnatidri ecoriomy iriclude professional and 
technical workers, managers and admin- 
istrators (the two classifications together are 
sometimes labelled ''knowledge workers," 
despite the fact that managers "handle" most 
information orally), and clerical workers who 
support them: As the passage into the 
postindustrial era becomes more complete, 
the number of knowledge workers is expected 
to grow much more rapidly than the work- 
force average. Despite the massive intro- 
duction of electronic data processing equip- 
ment, some observers argue that clerical 
workers will not be displaced by computers 
and that mariy clerical jobs will evolve iritb 
different kirids of support positions iri closer 
syrribibsis with kribwiedge wbrkers. Others 
argue that the riew cbrripiiter techriblbgles 



will elimiriate mariy clerical jobs (held pfi- 
mariiy by womerij arid create positions paying 
brily the miriimum wage."^ 

Policy Aspects of the Problem 

A key problem in the information economy 
is how io identity, obtain, and manipulate 
needed information effectively and efficiently. 
The explosive growTh of the information 
processing industry since 1950, which ac- 
companied the labor force shifts just de- 
scribed, created expectations of swift and 
easy solutions to this problem and of con- 
comitant Increases in jDroductivity In these 
growing sectors of the economy. However, 
the expectations have been largely unfulfilled, 
with U.S. productivity growth actually de- 
clining. Indeed, U.S. labor prbductivity fbr 
all industries is iricreasirig rribre sibwiy thari 
in most other iridustrial riatibris, arid grbwth 
in labor prbductivity iri the private sectbr 
peaked in the rriid-1960s,^ Ever rribre power- 
ful infbrrriatibri prbcessirig techriblbgy still 
ap>p>ears tb bffer prbrilise of greatly iricreased 
jDroductivity jgrbwth iri the pbstiridustrial 
Uriited States, but current trends suggest 
that there is, and will continue to be for 
sbrrie time, a gap between expectations and 
reality. As Strassmann puts it: 

Clearly there Is sbmethirig arriiss if divert- 
ing wbrkers from iridustries with high 
prbductivity arid effective use bf capital— 
such as agriculture, rriiriirig, rriariufac- 
turirig, arid utilities— iritb bverhead jobs 
iri busiriess arid jgbverrimerit fails to iri- 
crease aggregate ecoriomic perfomiance 
as nieasured by accepted economic 
iridicators.^ 

This paper describes the riew corriputer 
and communication techriblbgies that 
promise greatly erihanced prbductivity iri 
white-collar and service work, exarriiries sbrrie 
of the factors that facilitate arid irihibit the 
intrbductibri bf these riew techriblbgies irito 
the workplace, arid suggests sbrrie actibris 
that rriight be takeri by iridustry, users, and 
Gbverrirrierit to bvercbrtie barriers to realizing 
rribre cbrirlpletely the potential of the new 
techriologies. Iri addressing these topics, a 
brief overview of the technologicaj potential 
of devices and systems (for example, micro- 
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computers, teleconferencing, electronic 
mail) is provided; the question of whether 
introduction of the new technologies is 
technology-driven or user-driven is examined; 
some of the major implications of the new 
technologies For human-machine interaction, 
the organization of work, and human inter- 
action are identified; and some of the broader 
societal implications of the new technologies 
are suggested. Although the scope of the 
paper includes cgmmunicatibrB technology, 
the focus is on office autbmatlbn, particularly 
bri computers. 



Trends and Developmenis 

Approaches to Analyzing White- 
Cbllar Productivity 

In the United States in 1980, rribre than 
half of those employed worked in an office. 
There are many drganizatidns, such as banks 
and insurance companies, where almost 
everybody is an "office" worker. In manu- 
facturing, retailing, mining, arid other basic 
industries, office workers constitute less than 
50 percent cf the workforce. Nevertheless, 
even in these industries the percentage of 
office workers is increasing, and the intro- 
duction of robotics may cause the percentage 
to soar as production workers are displaced 
by automation. As the proportion of staff 
devoted to information exchange grows, pro- 
ductivity gains will have to come from the 
bulk of the people who work, the office staff. 

According to bne estimate, 60 percent of 
the $1.3 trillibnpald fbr_wages, salaries, and 
benefits in the Unitjed States in 1980 went 
to bffice workers.^ The enprmbus prbpbrtibri 
arid arriburit bf rribhey paid tb bffice workers 
will be a substantial, increasing iriceritive for 
industry to substitute capital fbr labor by 
autdmatirig the office. Furtherrridre, the 
capital td labor cdst ratid iri dffices is currently 
estimated to be between drie-terith and drie- 
twentieth of that in highly prdductive man- 
ufacturing industries, with the cost of office 
automation equipment actually falling. Given 
this it seems that introducing information 
processing equipment into the office would 
produce dramatic productivity gains. Man- 



ufacturers argue that business should find it 
virtually irresistible to substitute machine 
power for human labor; Nevertheless; the 
link between increased use of computers 
and communication equipment in the office 
and enhanced office productivity is not as 
direct as these arguments suggest; 

Qne reason the linkage is, at best, indirect is 
that the appropriate level of aggregation — 
that is, the unit of output — by which white 
collar productivity should be measured is 
not clear. Productivity changes measured 
at the national level tell us little about which 
sectbrs bf the ecbnbmy are experiencing 
changing productivity grbsvth. Differences 
iri the nature bf sectbral outputs make 
cbrriparisbris bf prbductivity between even 
large sectbrs bf the ecbnbmy such as man- 
ufacturing arid services difficult tb interpret 
arid possibly highly rriisleadirig. At the bther 
extreme, productivity charige rrieasured at 
the individual level can also rriislead, espe- 
cially when new techndldgy alters the strijc- 
ture df the wdrk, thereby influencing grdup 
rather than individual prdductivity. Inter- 
mediate levels of aggregation such as industry 
or "office'* (workgroup with specific mission) 
probably are the least misleading for purposes 
of estimating the potential and actual effects 
of new technology on productivity growth; 
Unfortunately, efforts to develop these kinds 
of data for the service industries are at a 
relatively primitive stage. Clearer linkages 
between productivity gains and office auto- 
mation must await improvement in data; 
especially in service sector output meas- 
ures at intermediate (workgroup) levels 
of aggregation." 

Attainment of Gains in White-CoUar 
Productivity 

Derriarid fbr cbmputer and telecbrrimuri- 
icatioris equiprrierit fbr office applicaitibris 
has deyeldped rribre slowly t ha ri expected.'^ 
The bffice autbrriatibri "revdiutidri" is looking 
nidre like a gradual trarisitidri that will 
prdbably ndt reach fruitidn until the end of 
this century. Vendors of office automation 
technology currently are seeking explanations 
for the slow pace of acceptance. 

Several reasons have been suggested for 
office automation's gradual penetration of 
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in electronically supported work stations 
are not practical in the 1980$ and perhaps 
2b0d:;;.As our knowledge 
workers devote more and more time to 
unstructured communications asociated 
with the management of change instead 
of to well-defined computational or pro- 
cedural tasks, the difficulty of changing 
tasks from manual to electronic processing 
will escalate...Al! this will probably happen 
gradually in the next 5 to 15 years> when 
the current concentration on word proc- 
essing, text processing, and distributed 
computing will run its coursS. At that 
point, the era of the personal work station 
as the principal means for Interorga^i- 
zatipnal communicatibris for the rriajoiity 
of white-collar workers will be pbssible.^^ 

The Technology 

The progress of cbrriputer tef.nriblbgy is irri- 
pressive. It is awesbrne tb realize thait sbrrie 
handheld calculatbrs in use today have rribre 
processing power than many cbmputers in 
use in the 1960$. There are extremely ver- 
satile and powerful central processing units 
(CPUs) in widespread use today that occupy 
a space about the size of a stick of chewing 
gum. This same CPU power would have 
occupied a closetful of space no more than 
15 years ago: The price-performance ratio 
of memory> including permanent memory, 
volatile memory, and direct access storage 
devices such as disks, has fallen at an even 
faster pace than the CPU, with a much more 
dramatic decrease in space requirements. 
Although this technology is the key building 
block for office autbrriatipn, it is not essential 
tb understand the hardware in order to 
examiirie trends in bffice automation. We 
heed drily assume that cbrriputer hardware 
vj'iW get ever faster, cheaper, arid more 
versatile— a fairly safe assurriptibn fbr the 
fbreseeable future. 

It is impbrtarit, hbwever, tb uriderstarid 
the function bf this techriblbgy in the bffice 
environment. Fbrtunately, several investi- 
gators have attempted tb classify the use bf 
computer systems in businesses, principally 
in the context of management infom*»atibn 
and dej:Bion support systems.^'* By consid- 
ering these earlier classifications and given 
the purpose and context of office automa- 



tion, we offer a typblbgy bf cbrnpiiterized 
office system functibris as a means tb this 
understanding: 

( i j Tramactjons. At this level, fixed inputs 
are processed according to a determinate 
scheme to yield a highly structured set bf 
outputs. This may be an order entry systern, 
a payroll system, a bank card system, or 
even a word processing ^em. Transactions, 
in general, is a data-oriented function. 

(2) Anolpsis: An analysis system uses 
computational, statistical, or, more generally, 
logical and mathematical techniques to 
manipulate an existing data base: A ^ical 
analysis s^em might use multiple regression 
to explore trends in data or analyses of 
variance to examine the validity of hypoth- 
eses. Other analysis systems in daily use 
allbw searching of accounts for overdue 
payrrierits br examination bf perpetual in- 
ventories fbr ecbnbmic brder points. As with 
transactions, this is a data-briented function. 

(3) Projectioh. Projection systems may 
permit the user tb evaluate the cbnsequences 
bf planned actibris, add data intb the s^em 
based bri persbrial judgrrierit, or search for 
sblutibris with certain cbristrairits. That is, 
the user can explore the variety bfbutcbrries 
through * what if?" types bf entries, which 
are not necessarily tied tb any data br 
information preexisting in the system. Many 
of the popular profit-analysis models are 
pro[ection s^tems; most material require- 
ment planning programs are of this type 
also. Interestingly, microcomputer programs 
such as the popular VISlGAfcC and its 
functional equivalents are often employed 
in this mode. 

(4) Communication. The final type of 
function of a computer system is that of 
communication. These types of systems act 
as smart conduits among individuals with 
access to the same compute:, times ha re 
^tem, network, br stbrage media. Functions 
bf cbmrriuriicatibn systems include mail, 
rriessages, caleridars, and data storage and 
retrieval iri general. 

Given this typblbgy, the autbrriatiori bf 
the bffice can be seen ribt as the irriple- 
mentatibn bf a rtibriblithic techriblbgy, but 
as the intrbductibn bf several techriblbgicalh/ 
based functions in successibn. Althbugh far 
from exhaustive, the following table provides 
some illustrative applications: 
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Table 1 

A Typology of Somputerizecl Office 



System Functions 




Fuhctidh 


User 


TRANS- 


Payroll 


OtSll 


ACTidNS 


Invoicing and 






Accounts Receivable 






Inventory and 






Accounts Payable 






Order Entry (Key- 






punched) 






Word Processing 


Clerical 




Pe rpe t ual _ I n ve n to ry 


Staff 




Point of Order Entry 


Sales 




with Confirmation of 






Stock Available 




ANALYSIS 


Goods Ordered 


Staff 




Most Frequently 






Best Warehouse 






Location 






Warehouse Routing 




PROJEC- 


Profit— Simplified 


Managers 


TlON 


Model 






Profit— Interactive 






Model 






Extension of Credit 


Staff 




to Customers 


Staff 




Orders to Stock 




CO-MMUNi- 


Interoffice Messages 


All 


CATION 


Calendar 






Manaqement 





During the early years of computers, frbrri 
the first designs up to about 1974, the 
mainframe_was all there was in the world of 
business. This was a big cbrriputer, which 
took up most of a floor in a typicaj office 
building and cost rhillibns of dollars. Next to 
emerge was the winicowputer. At first this 
machine had a CPU with only a fraction of 
the power of the mainframe. However, 
ihtegraited circuits advanced so rapidly that 
many minicomputers sddn emerged with 
far more power than some of the mainframes. 
Then, in the late seventies, very larg^ scale 
integrated circuits became economically 
feasible. This spurred the popular acceptance 
of the wicrocomputen Thejnicrocomputer 
originally had a very linnited memory, perhaps 
a 16,3B4 '*word" capacity, and minimal 
processing power: However, in the last few 
years, even the microcomputer has become a 
behemoth in terms of memory and power. 
Today, some have millions of "words" of 
storage, hard disks, and processing power 
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that equals or even surpasses some of the 
miodem maiilfreimes. Along some significant 
dimerisibris, the distinction between the 
maiiiframe, the minicomputer, and the 
micfocdrtiputer is blurred. Thus, the personal 
computer user, despite using a **simple" 
computer, can be very sophisticated^ 
wholesale infusion of today's pereona] com- 
puter users into the ranks of management 
may alter the office of the future more than 
any new hardware or software by itself. 

Huihah-Machihe Ihteractidh 



Symbiosis between the knowledge worker 
and his/her electronic work station— human- 
machine interaction — is one of the essential 
ingredients of the office of the future. The 
development of better hardware at ever- 
decreasing costs for automated office s^terris 
is e>^ected to continue at its.inexorable pace 
for the foreseeable future, but the parallel 
development of adequate software is ipro- 
ceeding somewhat less rapidly: 

The fruits of the elecfronics revolution are 
such that we can afford to do anything 
we want — if we can only program it. 
Software is the dominant challenge in 
office automation.::. Software will be the 
major development cost elerrient for the 
foreseeable future. 

In particular, the development of techniques 
to interface computers and their periphera] 
devices into a human environment lags far 
behind other aspects of autornation. This 
presents significant problems in effective office 
automation and may well develop into the 
major bottleneck in^the technology's imple- 
mentation. Four underlying trends are de- 
scribed in the following paragraphs. 

(ij Hardware manufacturing costs are 
declining, but software developrrient costs 
are rising. Increased manpower costs and 
increased complexity of software systems 
have, on balance, more than offset advances 
in effective programming tools. Recent 
advances in programming erivironrrierits, 
structure editors, software engineering, and 
personal computing work stations rriay, 
however, rriitigate the trend toward increasing 
sbftware cost. 

(2) The ever-expanding number of com- 
puter users is increasing at a much faster 
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CATION 
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the power of the mainframe. However, 
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far more power than some of the mainframes. 
Then, in the late seventies, very larg^ scale 
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of the microcomputer Thejnicrocomputer 
originally had a very Hnriited memory, perhaps 
a 16,3^4 '*word" capacity, and minimal 
processing power: However, in the last few 
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that equals or even surpasses some of the 
miodem maiilframes. Along some significant 
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mainframe, the minicomputer, and the 
micfocdmputer is blurred. Thus, the personal 
cdmputer user, despite using a **simpie" 
cdmputer, can be very sophisticated^ 
wholesale infusion of today's pereona] com- 
puter users into the ranks of management 
may alter the office of the future more than 
any new hardware or software by itself. 
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Symbiosis between the knowledge worker 
and his/her electronic work station— human- 
machine interaction — is one of the essential 
ingredients of the office of the future. The 
development of better hardware at ever- 
decreasing costs for automated office s^terris 
is e>^ected to continue at its inexorable pace 
for the foreseeable future, but the parallel 
development of adequate software is jDrb- 
ceeding somewhat less rapidly: 

The fruits of the elecSonics revolution are 
such that we can afford to do anything 
we want — if we can only program it. 
Software is the dominant challenge in 
office automation..:. Software will be the 
major development cost elerrient for the 
foreseeable future. 

In particular, the development of techniques 
to interface computers and their periphera] 
devices into a human environment lags far 
behind other aspects of automation. This 
presents significant problems in effective office 
automation and may well develop into the 
major bottleneck in^the technology's imple- 
mentation. Four underlying trends are de- 
scribed in the following paragraphs. 

(Ij Hardware manufacturing costs are 
declining, but software developrrient costs 
are rising. Increased manpower costs and 
increased complexity of software systems 
have, on balance, more than offset advances 
in effective programming tools. Recent 
advances in programming erivironrriehts, 
structure editors, software engineering, and 
personal computing work stations rriay, 
however, rriitigate the trend toward increasing 
sbftware cost. 

(2) The ever-expanding number of com- 
puter users is increasing at a much faster 
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Furthermore: mature users can be quickly 
frustrated by too^nauch "help.'^ 

(4 j Well-designed, stylized command inter- 
faces require user training but could be 
designed to achieve high functionality with 
low complexity. These seem to be best for 
mature or frequent users. 

Interfaces are also required for tech- 
nologically complex devices that are not 
computer-based work stations. However, the 
type of interface required depends strbrigly 
on the particular properties of each device. 
Uniformity of operating cbhveritibhs acrbss 
all software and hardware systerhs is clearly 
a highly desirable bbjective. 
User Training Techniques. Thought 
needs to be given to methods for training 
users of new systems. Some casual users of 
cbrnputer systems whose time is a scarce 
resource (such as managers and scientists) 
will require interfaces that rnal^e no prior 
training demands. This clearly limits the scope 
of their ability to exploit new computer 
technology directly: For other users, a com- 
bination of forgiving, friendly interfaces and 
short, hands-on training periods is likely to 
prove much more cost-effective than either 
training all users to become computer experts 
or inventing and jDroviding the ultimate, 
foolproof, natural fand as yet mythical) 
interface. However, little effort has gone into 
examining the best methods for training 
computer-naive people to becorrie effective 
casual users of automated office systerris. 
Although the tradeoff between laboribusly 
developed, friendly interfaces arid user 
training has riot beeri quarititatively arialyzed, 
the expected size of the user pbpulatidh, its 
frequericy of iriteractibri with the system, 
arid the expected system lifetime appear to 
be deterrriiriirig factors of cost-effectiveness: 
How this tradeoff might be evaluated and 
who will pay the costs under each alternative 
are uriresblved questions that merit investi^ 
gatidn. Another dimension of the training 
issue involves consideration of a widely 
distributed training capability, one that in- 
corporates the enormous variety of office 
situations and, thus, of training needs. 

Hliihan Interactjbh in the 
Organizational Context 

We do not yet know how to restructure office 
work to take advantage of office automation 
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technology. Indeed, variations in the . nature 
of offices and of office work across arid within 
industries virtually guarantee that the desired 
knowledge will appear piecemeal, made ujd 
of a series of contingent statements rather 
than a single, grand *1heory.'' But the butliries 
of some of the consequences of the riew 
technology for human interactiori iri the 
workplace are begiririirig to errierge. As 
techriblbgy provides rriore arid more func- 
tions, kriowledge wbrkers (particularly rriari- 
agers) will be using terrriirials. This, for 
example, will alter the rble bf the secretary 
as the rriariager substitutes the cbrnputer 
fbr tasks jDrevibusly reserved for clerical 
wbrkers. The prbfessibnal may. in fact, clo 
his/her own ''typing" at the keyboard while 
drafting and editing a document; final hard 
copy production becomes trivial. Alternatively, 
as more office automation is Irnpjsmented^ 
systems frequently are put in place under 
secretarial control: This, in itself, is an im- 
mediate impetus for changing the secretarial 
role and career path to management or 
creating, in the office context, a new inter- 
mediate category of paraprofessionars. The 
best analogy is in the legal field, where many 
paraprofessionals were secretaries. In their 
current jobs they use the same equipment 
and technology that they used previously 
as secretaries for routine legal work. People 
who arc willing to become paraprofessionals 
are themselves in a more prbfessiorially 
oriented rble. 

As a larger p>rop>brtibri bf bur pbpulatibri 
uses a rriicrbcbrriputer at hbrrie brpla^ videb 
garries at the tavern, rribre will be willing to 
use a terminal at the office. These people 
rriay be very impatient if they are riot provided 
with the capabilities o, an office system to 
create text, do electronic filing, handle 
calendars, and receive filectronic mail. We 
have become accustorned to an office 
system staffed by workers who are jiow to 
change, but in the near future this may not 
be the case: 

The office of the future may significantly 
alter the role of time in work. For instance, 
given the present physical document distri- 
bution system, nobody really knows when a 
particular individual gets a document unless it 
is hand carried with return receipt requested, 
This is relatively rare. Even withiri the iriternal 
mail s^tem it takes a day or two tb receive 
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a document In a multilocation oi^ariizatibri, it 
often takes a week to be sure that every 
plant, warehouse, and sales office has re- 
ceived a particular document. Today people 
feel they r^eed time Jo think about their 
resfK>nse; some **buy Snie'^by saying a letter is 
in the mail even before it has been prepared. 
Just as there is a certain amount of "float'* 
in the present banking ^ern, a "float" exists 
in the physical mail system: 6f course, 
reducing transmission or transaction time 
alone may have little effect if dedsionrnaking 
capacity remains. untouched. 

As electronic filing and electronic distri- 
bution are implemented, management will 
know that irifbrrnatibri has been received 
by all bf theirstaff. The electronic rnail ^ems 
have the capjability bf ribtifyihg the sender 
that the dbcurtierit has been received. Thus, 
there will be a rnuch higher level of exjDecta- 
tion that the response will be returned uithm a 
specified time, such as 24 br 48 hours. This 
^.^.^ ^^^^ smaller "windbw" than is 
currently possible with physical mail. Having 
to respond more quickly can increase the 
pressure on individuals and might also result 
in a iess^carefuiiy considered response. Doing 
things more quickly is not necessarily doing 
ihem better, yet speed rather than effective- 
ness of information may be how managers 
evajuate their staff: 

On the plus side, time no longer affects 
communication when electronic mail and 
message systems are In place. A telephone 
conversation requires the simultaneous 
availability bf at least two parties. Electronic 
rriessages can be sent arid received without 
regard tb such cbristrairits. In additibri, the 
new techriblbgy allbws periodic reports and 
records tb be updated uritil the last minute 
and produced at the punch of a button. 
This can reduce tirrie pressure bri arialysts 
and writers, who can place mbre erriphasis 
on the quall^ of their products. Cbriversely, it 
could allow them to turn out a sloppy initial 
product for repeated revision. 

Another consequence may be a reductibri 
in day-to-day human interaction. Individuals 
who can retrieve informaSon from the system 
electronically do not have to ask their secre- 
tary or theirstaff to get the information for 
them. It is often in the very process of asking 
for infonnation that management spends a 
few rr inutes discussing personal concerns 



arid fariiily activities. This is an. important 
part bf the hurriari iriteractibri that rriakes 
work a pleasarit experierice. If bffice workers 
interact with machiries rribre exclusively, the 
bffice may assume a riibre sterile br factory- 
like atmosphere. 

The advent of office autbrtiatibri, hcwever, 
will not necessarily lead tb herrriit bffice 
workers, communicating only via their cbrri- 
puter terminals. Such has not been the case at 
universities and industrial research environ- 
ments where electronic mail systems have 
been functional for many years. In fact, 
eieclronic mail displaces interoffice mem- 
oranda nnore than it displaces face-to-face 
discussion or telephone conversation. 
Whether this will remain true as office 
automation spreads to other settings and 
as the restructuring of office work to en- 
hance productivity growth proceeds remains 
to be seen. 

The flexibility and freedom of the office 
bf the future lead to another significant 
problerri rriariagers will face. How do you 
moriitbr what pebple are dbing,^ especially if 
they are not dbirig it iri a specified plasre at 
a specific time? Iri the past, rriariagers were 
cognizant bf alrrlbst all bf their white-collar 
employees' operations. Iri an autbrriated 
environment, lack bf prbxirrlity arid sirriul- 
taneity of work may create nevC rnariagerrierit 
tensions and dilemmas. 

Anticipated Secondary 
Consequences 

The so-called office in the home can offer 
striking opportunities or create a central 
prbblem In the technological age. Decreasing 
costs of terminals and communication are 
the key factors. As costs drop, the reach of 
the bffice will indeed extend into an indi- 
viduaPs hbrrie. This will alter the workstyle 
fbr executives, as they wbuld not be con- 
strained by tirrie wheri dealirig with wbrjdwide 
operations but wbuld have tb rethirik how 
and when they use persbrial tirrie. 

An office in the hbrrie cari fepreserit alrribst 
the ultimate in energy savings as far as 
communication and transpbrtatibri are cbri- 
cerned: Individuals will certainly get used tb 
having_a greater fund of infomiation available 
to them through such mformation sen/ices 
as Teletext and Videotex.'^ Additionally, all 
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of the office files can be accessed from a 
home terrriihal. Today people are able to 
use their telephbrie at home just as if they 
were in the office, and extensive telecoh- 
ferericirig is riot far off. Incrfcasingly, people 
may qliestidri the need to go to the office. 

There are some people, of course, who 
want to get away from their homes. The 
tradition of mobility among nuclear famijy 
commuters may be resisted, ^ven if honries 
are comfortable to work in and the same 
level of information and ability to com- 
municate with people exists^ Clearly, there 
will be intermediate steps between the office 
as we know it today and the office of the 
home: Such organizations as Satellite Busi- 
ness Systems and Bell Telephone are pro- 
posing to set up video conferencing centers 
where people would travel to sbrne cejitral 
site to take advantage of the facilities. They 
would not have to travel to anptlier city to 
conduct a conference. Value added networks 
are being set up as well by a riurriber of 
organizations to provide the facilities of 
electronic mail. These include GT&E's Tele- 
main System, IT&Ts FaxjDack SystP-n, 
Tyrhshare, arid Tyrririet. Reriibte work ceriters 
also rriav emerge as interrnediate arrarige- 
rrierits between the office-at-home and a 
sirigle, ceritralized location. The alternatives 
are clear, but the actual geographic distri- 
butibri of office work in the future is not: 

Energy costs will also affect the use of 
paper within the office: Paper costs are 
directly related to the energy mvolved in 
changing wood to palp and then dr^ng that 
pulp to make paper. So the cost of paper 
escalates almost as fast as the cost of energy. 
The office of the future can minimize the 
use of paper with displays and rriagnetic 
storage. Unnecessary printing can be avoided 
by revising and distributing information 
electronically and printing it only when 
it is needed. 

In the past, management felt that office 
staff members, particularly priricipals, were 
not hourly paid workers. If a spiecific problem 
or project were beirig haridled, people were 
expected to cbrrie iri early arid stay late uritil 
they could solve the prbblerri. When wbrkirig 
at hbrrie becbriies a reality, there will be a 
whble hew level bf flexibility introduced into 
the bffice system. People could work at any 
time they wanted to, not necessarily in eight 
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br riirie hour shifts. Under these conditions, 
brily the product will matter, not how it 
was produced. 

Policy Options 

the potential that technology holds for 
increased efficiency in information handling in 
the office setting has been docurriented, and 
the technology that promises to realize this 
potential is being developed. In a few in- 
stances it has been introduced on ari experi- 
rnental basis. Yet market demand for the 
new information processing and cbrrirriurii- 
cation technology is developing slowly, rribre 
slowly than rriight be expected giveri the 
intensity with which the rieed is expressed, 
even accburitirig fbr the effects bf a sluggish 
economy arid surplus bf labbr. Realizatibri 
bf the benefits bf a riew techriology at firm 
and iridustry levels (in terms of increased 
rates bf prbductivity growth) requires trans- 
latibri bf rieed irito demand. In this paper, 
different perspectives that implicitiy place 
the burderi for action at different doorsieps 
have been described: In this concluding 
section, different perspectives are explicitly 
linked with different institutional actors, and 
some of the actions that might be taken to 
facilitate the introduction and use of new 
information handling technologies into office 
settings, assuming that such facilitation 
is a policy goal of the actor involved, are 
discussed. 

One perspective currently focuses attention 
on problems associated with imptemehtihg 
the new technoloa'. This is the process duririg 
which it is introduced iritb ari brgariizatibri 
and, over tirrie, becbrries part bf brgariiza- 
tibnal rbutine. Tb sbrrie, the pace with which 
the new bffice techriblbgy will perietrate the 
market is a furictibri bf hbw rapidly users, 
particularly mariagers, become acclimated 
tb it, begiri tb recognize its benefits first-hand, 
bvercbrrie their technophobia, and adjust 
their work habits. This perspective su^ests 
action by the marketmg divisions of i^ndustiy 
to develop improved indicators of the tech- 
nology's benefits to the firm, to offer training 
programs and seminars to potential cus- 
tomers (particularly management), and to 
provide analytical support to firms and other 
organizations as they restructure work flows 
and responsibilities to accommodate the hew 
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technology: These strategies largely accept 
the technology given and focus on user 
adaptation at individual and organizational 
levels. 

Another perspective views the problem 
in terms of hurnan-machine Interaction. More 
rapid acceptance of the technolos/ depends 
upon how completely and rapidly hardware 
and software can be developed to support 
more ''user-friendjy" infbrrnatibn-hahdiing 
jDrbtbcbls. Applied research activities hbw 
being cbhducted in iridustiv arid uriivereities 
bri such topics as fault*tolerarit sbftware 
systerris, natural language codes, arid voice 
recbgriitibri input devices are directed toward 
reducing this barrier to rribre rapid iritrb- 
ductibri of the techriblbgy. In the past, the 
focus Oh user friendliness largely accepted 
the individual user as relatively fixed and 
sought adaptations in the technology, gen- 
eraiiy through the software interface, to the 
user's sidiis, knowhidge, and habits. We now 
recognize that as the user becornes more 
sophisticated, the aser-friendly aspects of 
the system must adapt accordingly: 

A third perspective emphasizes the organi- 
zational conditions that mast exist before 
the new technology will be implemented 
extensively. This perspective arises 1*^ from 
the need for the organization to adapt to 
the technblc^ than from the view that large, 
complex brgariizatibris must make funda- 
mental changes in the way they manage 
jriforrriatibri before the beriefits of aiitbrnated 
irifbrriiatibri haridlirig can be realized. Very 
little Is l^ribwri abbut hbw this restructuririg 
shbuld bccur, especially acrbss the variety 
of different iridustries (iricludirig Gbveriiriierit) 
in which irifbrrriatibri haridlirig has becbnie 
a major expenditure. A sigriificarit role for 
research therefore emerges, perhaps under 
industrial or joint Cjovernment-iridustry 
sponsorship. 

The poHcy implications of office automa- 
tjon depejid uj5on the pace with which the 
new technology is accepted in the market- 
place: If the pace is rapid, then productivity 
gains (with salutary consequences for the 
national economy) will be evident: These 
will mitigate or perhaps reverse the decline 
in the Nation's rate of productivity growth, 
despite the fact lhat rnariufacturing con- 
tributes less and less to the gross national 
prbduct. 




Shbuld this occur, however, a nurnber of 
problems may errierge that rhay warrant 
attention by Govern merit, industry, arid 
educatibrial Jristitutibris. As rioted earlier, 
agr^'errient does not exist bri the cbrise- 
quences. of bffice autbmatibn fbr bffice 
vybrkers. If charige is rapid, substaritial iirierri- 
pjbyrrierit bf workers with brie set bf skills 
(fbr exarriple, clerical) cbuld exist sirriultairie- 
bUslywith unrriet derriarid for workers with 
different skills (for exaririple, arialytical). 
Gbverrirtierit rriay be called Upbri tb ease 
the persbrial cbsts bf wbrker displacertierit, 
perhaps by extending Uriemplbyrilerit cbrti- 
perisatibn to certain classes bf wdri<ers. New 
jbb training progiBms that address the needs 
of bbth the unemployed and the agencies 
and firms seeking persons with new skills 
may be needed. To meet the demand for 
persons to work in the office of the future, 
equipment vendors may have to supply 
training programs as an integral part of the 
technology they sell. Alternatively, users of 
office automation equipment may bear the 
burden of training costs. In any event, in 
this fast-paced scenario, industry (both 
vendors and users) would have an incentive 
to supply training opportunities so that both 
sales pbtential and productivity growth 
plbteritial cari be realized. Gbverriment would 
wbrk to retrairi wbrkers who cbuld not easily 
rrieet riew jbb reqiiirerrients. 

If the jDace of acceptarice is slbw (at least 
initially), anbther set of jDblicy issijes arises. 
We rriay assurric that relevarit iristitutibris 
such as iridividiial firrris, iridiistry and trade 
associations, vb-tech schbbis, arid public 
schbbis will be able tb adjust quickly eribUgh 
tb keep labbr supply arid demand balariced. 
But Cbsts will accrue to the Natibn as a 
whole if productivity gains do not occur as 
rapidly as expected or desired. The fDublic 
policy question then becomes: What steps, 
if any, should Government take to facilitate 
the spread of office automation? Also, what 
actions by other institutions could speed the 
pace of acceptance, thereby realizing ex- 
pected benefits to both vendors and users 
of the new technology? 

Again, different diagnoses of the problem 
bf slow market penetratibn have different 
impllcatioris for action. Currently, imple- 
riieritatibri costs (both mbnetary and non- 
rriorietary) are seen by many as a rriajbr 
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:iese costs could be reduced through 
:derice of how the new technology 
' ifit the firm and by better under: 
J of the several behavioral and 
tibrial factors that impede accept- 
ey could also be reduced if vendors 
'** i) g tb.bear thc cbsts bf training and 
support to firrris desiring tb restaff 
dcturc thcrrisclves tb take advantage 
^1 jchriblbgy. Vcridbr firms currently 
0^ ^tm \ jctirig research that seeks tb improve 
«^ .M*). ierstandirig of the implcmeritatibn 
****** J*!" Government could provide addi- 
.^v^MMiN^- 3port for this activity by encouraging 
*^*^ *" v^-industry cooperative research on 
*-.HK^H„ Industrial and trade associations 
^elop and offer continuing education 
*^ ^ s for clerical workers interested in 
>ffice automatjon to their sk[Hs^ and 
^gers interested in planning for office 
*'^" ion or actually using the new tech- 
lemselves. VirtuaHy anything industry 

0 reduce "computer naivete" among 
community would facilitate imple- 

on of the technology. Seminars, 
urograms, handbooks, and hands-on 
^ rations would be useful contributions. 

1 are other research programs that 
.Tierit could suppbrt to facilitate 
ductibn bf bffice autbrriatibri. Private 
^ unlikely tb undertake such vvbrk 

'™ " they cbuld ribt capture sufficient 
tb rriake it wbrth while. Gbveriirrierit 
)brisbr research that would identify 
4,1^^ w 41 '^^ structural fbrrris that infbitnatibn 
, J could take in different industries 

)es of Government agencies and 

'U'l ■ - ^ - 

heir consequences for enhanced 

_ __ , vity. Such research programs should 

work on definitions and measures 

i-jvi ,p^^i _ _ . 

( ^ activity for white-collar workers, 
, iy knowledge workers and managers. 
i^,^^„.4i on of the Government's own ex- 
^mm-^ ?s with office automation might also 
^.^^ i elpfui, as would evaluation of state- 
♦> 'S installations in industry and uni- 
^i^, omputer science departments. Gov- 
' ^ could study needs for information 
.**««iM(^ij '''s and suppbrt personnel and pro- 
*\ ' d^ta to industry and educational 
],^^) ^ns. Finally, the Federal Government 
^yjpr- , jppdrt the development of software 
-is for bffice autpmatibn that would 
provisions for collecting data relevant 



tb inforrnatibri s^terri rriariagerrierit research. 

Regardless bf the pace with which office 
autbrriatibri jDrbceeds, educational iristitiitibris 
rriust mbve tb ensure cbrrip)uter literacy, just 
as they nbw address reading, writing, and 
arithrrietic. But there is little agreement bn 
hbw tb address this problerri, airid there are 
few resburces fbr experirrientatibri. Schbols 
ffbrri the elerrieritary level through the urii- 
versity are ribt succeeding uriifbfrnly br 
satisfactorily, arid successes achieved in brie 
school are ribt communicated effectively tb 
others or easily adapted by them. Thus, the 
first priority for all schools should be to 
determine reasonable objectives for computer 
literacy and support their attainment with 
substantial resources: In addition to offering 
new and modified curricula, universities and 
technical schools should develop continuing 
education courses, perhaps in conjunction 
with industry, directed toward information 
managers and support personnel. Whether 
the bffice bf the future becomes pervasive 
in 15 years or in 30, the next generatlbn 
should be computer literate to take full 
advantage bf the benefits of the new bffice 
technblbgy and to rriitigate sbrrie bf its 
pbssible cbsts. 
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Regardless bf the pace with which office 
autbrriatibn proceeds, educational Institiitibris 
must move tb ensure cbmputer literacy, just 
as they nbw address reading, writing, arid 
arithrrietic. But there is little agreement bri 
hbw tb address this problerri, aind there are 
few resburces fbr experirrientatibri. Schbols 
frbrri the elerrieritary level through the urii- 
versity are ribt succeeding uriifbrrrily br 
satisfactorily, arid successes achieved in brie 
school are ribt cbmmuriicated effectively tb 
others or easily adapted by them. Thus, the 
first priority for all schools should be to 
determine reasonable objectives for computer 
literacy and support their attainment with 
substantial resources: In addition to offering 
new and modified curricula, universities and 
technical schools should develop continuing 
education courses, perhaps in conjunction 
with industry, directed toward information 
managers and support personnel. Whether 
the office of the future becomes pervasive 
in 15 years or in 30, the next generatlbn 
should be cbmputer literate to take full 
advantage bf the benefits of the new bffice 
technblbgy and to rriltigate sbrrie bf Its 
possible costs. 
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Foslenhg The Use Of Advanced 
Mantilactliring Technology 



Abstract 

Manufacturing processes are a major factor in international economic competitiveness. In 
recent years, the United States has lagged behind o|her industrialized nations in the diffu- 
sion and implementation of advanced manufacturing systems; Many analyses have pointed 
but certain macroecbnbmlc variables contributing to this lag; however, difficulties in /mpte- 
mentatlon bf these s^terhs at the factory level, while equally irnportant, have not been 
adequately addressed. 

Several new technologies, including robotics, computer-aided manufacturing, group 
technology, arid flexible manufacturing systems, are particularly crucial to economic 
competitiveness. These systerns must be seen as complex sociotechnical phenornena, 
involving major changes in cbrjDorate strategies, brganizatlbnal design,, and human resources. 
For example, their irnplerrieritatiori involves iriteractibns ambn^ fuTTctlona! units within 
the firm, with effects that are radical rather thari incremental; full implementation often 
^^'^^^ S^^^^s- Especially relevant to decisions abbut mariufacturirig technology are anticipated 
effects on the skill and responsibility jDrbfiles bf workers, iricluding the need for retraining, 
involvement in operational decisionmaking, arid job reduridaricy. 

^'(^'^"'A*^^ implementation, current techriblbgy transfer efforts are probably 
^P^^^3^^^.^^^^^PA^.^^ impiementatibn decisions is crijcial, but bften missirig. 

Federal efforts in the transfer of advanced manufacturinjg technology have beeri uneven 
at best, particularly since much Federal R&D is missibri-driented with an erriphasis bn 
defense requirements^ Universities have boen reasonably active in research arid develop- 
ment for new manufacturing technologies, but have not adequately addressed disserriiriatibri 
and implementation issues: X^^_^^!9[^^ ^1 professional associations and societies have 
been considerable, but have been jargely disaggregated. Given the need for widespread 
implementation of these technologies and the limits on current technology transfer, 
increased efforts reflecting a systems orientation by both government and private concerns 
will be required. 



Introductidh 

One prominent economic and social issue 
with significant science and technology im- 
plicatibns is whether the United States' 
jDQsitibn as a majbr rriariufacturing power 
will cbritiriue tb erbde bver the next decade. 
Eviderice is rriburitirig fbr the critical im- 
pbrtarice bf riianufacturirig tb ecbnomic 
recovery arid jDrbductivity. Iri the early 197Cfe, 
it was bfteri argued that the declirie of U.S. 
manufacturing reflected a "riaturaP* rribve- 
ment tdu^rd a service ecbnbniy. It was widely 
expected that service and kribwledge- 
generation industries would supersede 
manufacturing in importance, just as mari- 
ufacturing had once superseded agriculture. 
This picture has not been sustained thus 



far; the decline of productivity grbvvth iri 
manufacturing has continued, and the service 
economy has not grown at a rate sufficient 
to compensate. 

During the past 20 years, foreign com- 
petition — particularly from Japan and 
Western Europe — has resulted in major 
inroads into domestic markets traditionally 
dominated by U.S. manufacturers: Special^ 
hard hit have been consumer electronics, 
autbmobiles, basic steel, textiles, and foot- 
wear. The impact. IS not evenly distributed 
geographically; States with the highest 
current rate of unemployment are those 
with the heavy concentrations of traditional 
rriariufacturirig industries._But the effect is 
spreadirig tb bther areas. Even in the semi- 
cbriductbr iridustry, Ibrig cbnsidered the- 
preerriirierit preserve bf American technbl- 
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ogy, the United States is being hard pressed 
by Japanese competition. 

Many factors — technobgicai, economic, 
and poiiticai— are involved in these events, 
including the growth of multinational com- 
panies and the consequent dispersion of 
economic activity around the world, the 
increasing costs of domestic capital, and 
the use of "dumping" and other unfair trade 
practices and even nontariff trade! barriers 
imposed by foreign competitors. Different 
industries have been affected in different 
ways, but a common denbrriiriatbr is that 
bur manufacturing facilities are nbt being 
replaced by sbcibtechhically innovative and 
efficient bperatibns. As one indicator of this 
relative disadvantage, a survey by the 
American Machinist (1978) iridicates that 
of the seven industrial riatibris studied, the 
United States has the lowest percentage of 
rriachine tools under 10 years old; Japan, 
for example, has twice the U.S. percentage 
of newer tools. 

The last decade has witnessed tremendous 
advances in the development of new man- 
ufacturing technologies that could have 
contributed to U:S. competitiveness even 
in the face of wage and raw material cost 
differentials, protective trade policies, and 
differences in the cost of capital. These 
include robotics, computer-aided design 
and manufacturing, group technology, 
flexiBle manufacturing, and various manage- 
ment and control systems associated with 
these technologies. There are also technol- 
ogies on the horizon {fbr example, artificial 
intelligence) that will qualitatively extend the 
array of ways to prbduce a product. 

For various reasons, the United States 
has beeri_slpw tb install and use such tech- 
niques. While much of the early develbprrierit 
of rbbbtics was dbrie in this cburitry in the 
1960s by such cbrripariies as Uriirriatibn and 
AMF, Japan has cbrrie tb be the undisputed 
wbrld leader in the deplbyrnerit of robotics 
technblbgy. Since the introduction of the 
first robbts into Japan (by a U.S. firm) in 
1967, the use of robots has grown rapidly. 
By 1981 there were over 14,000 robots in 
use in Japan; estimates for the deployment 
of industrial robots in the United States and 
Western Europe are approximately 5,000 
and 3,500 respectively (Robotics Institute 



of America, 1981);* Japan's leadership in 
the use of robots and related technologies 
is not generally disputed: As an illustration 
of radical possibilities offered by these tech- 
nologies, Fujitsu Fanuc recently built a 
factory that can be left essentially unmanned 
during evening *'ghost shifts." The plant has 
29 work stations, 7 of which are equipped 
with robbts, and 22 of which employ auto- 
matic pallet changers. The plant also has 
automatic warehouses, for both materials 
and finished subassemblies (Ybshikawa, 
Rathmill, and Hatvany, 1981). 

Given these rapid techriblbgical develbp- 
ments arid the increasingly frequent dembn- 
stratibns bf prbductivity gains in both fbreigri 
arid dbrriestic plants using these techniques, 
why have riibst U.S. mariufacturirig fintis 
lagged in adbptirig arid iriiplerrieritirig therri? 
One set bf explariatibris currently bffered is 
largely based on maa*becdridrnic arguments 
involving taxes and related incentives for 
investment in new technology. The macro- 
economic dimensions of R&D investment 
have been widejy discussed (Annual Scjence 
and Technology Report to the Congress: 
1981 j, and many change have already been 
made in the U:S: Tax Code that will pre- 
sumably address these and other invest- 
ment constraints. 

But such remedies operate at a rather 
high level of abstraction and aggregation 
and are by no means targeted at manufac- 
turing technology directly. In fact, the eco- 
nomics bf advanced manufacturing s^tems 
operate at a very micro level and are not 
well understood by mbst cbrpbrat(2 deci.sion- 
makers. The natibns where these technbl- 
bgies have erijbyed greater diffusion terid 
tb have irriplerrierited rriuch rinbre focused 
ecbnbrriic iriterveritibns based bri prbrribtirig 
the technblbgy directly rather than through 
the itianipulatibn bf bverall resbUrce con- 
straints on firms. There is little enlpirical or 
thebretical reason to assume that unfocused 
incentives will more than marginally affect 
the deployment of technology. 



* Since the operational definition of a robot in Japan 
tends to include some devices excluded from other 
countries* estimates, precise cross national cbmpansbns 
arc difficult. 
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ogy, the United States is being hard pressed 
by Japanese competition: 

Many factors — technological, economic, 
and poiiticai — are involved in these events, 
including the growth of multinational com- 
panies and the consequent dispersion of 
economic activity around the world, the 
increasing costs of domestic capital, and 
the use of "dumping" and other unfair trade 
practices and even nontariff trade! barriers 
imposed by foreign competitors. Different 
industries have been affected in different 
ways, but a common denbrriiriatbr is that 
bur manufacturing facilities are nbt being 
replaced by sbcibtechriically iriribvative and 
efficient bperatibns. As one indicatbr bf this 
relative disadvantage, a survey by the 
Arnerican Machinist (1978) iridicates that 
of the seven industrial riatibris studied, the 
United States has the lowest percentage bf 
rriachine tools under 10 years old; Japan, 
for example, has twice the U.S. percentage 
bf hewer tools. 

The last decade has witnessed tremendous 
advances in the development of new man- 
ufacturing technologies that could have 
contributed to U:S. competitiveness even 
in the face of wage and raw material cost 
differentials, protective trade policies, and 
differences in the cost of capital. These 
include robotics, computer-aided design 
and manufacturing, group technology, 
flexible manufacturing, and various manage- 
ment and control systems associated with 
these technologies. There are also technol- 
ogies on the horizon {for example, artificial 
intelligence) that will qualitatively extend the 
array of ways to produce a product. 

For various reasons, the United States 
has beeri_slpw to install and use such tech- 
niques. While much of the early develbprrierit 
of rbbbtics vvas dbrie in this cburitry in the 
1960s by such cbrripariies as Uriirriatibn and 
AMF, Japan has cbrrie tb be the undisputed 
wbrld leader iri the deplbyrrierit of robotics 
techriblbgy. Since the intrdductibh of the 
first rbbbts into Japan (by a U.S. firm) in 
1967, the use of robots has grown rapidly. 
By 1981 there were over 14,000 robots in 
use in Japan; estimates for the deployment 
of industrial robots in the United States and 
Western Europe are approximately 5^000 
and 3,500 respectively (Robotics Institute 



of America, 1981);* Japan's leadership in 
the use of robots and related technologies 
is not generally disputed: As an illustration 
of radical possibilities offered by these tech- 
nologies; Fujitsu Fanuc recently built a 
factory that can be left essentially unmanned 
during evening *'ghost shifts." The plant has 
29 work stations, 7 of which are equipped 
with robots, and 22 of which employ auto- 
rnatic pallet changers. The plant also has 
automatic warehouses, for both materials 
and finished subassemblies (Ybshikawa, 
Rathmill, and Hatvany, 1981). 

Given these rapid technblbgical develbp- 
ments arid the increasingly frequent dembn- 
stratibns bf prbductivity gains iri both fbreigri 
arid dbrriestic plants using these techniques, 
why have riibst U.S. mariufacturirig firms 
lagged iri adbptirig arid iriiplenleritirig therri? 
One set bf explariatibris curteritly bffered is 
largely based bri rnaa*becoriomic arguments 
involving taxes arid related iriceritives for 
investment in new techriology. The macro- 
economic dimensions of R&D investment 
have been widejy discussed (Annual Scjcnce 
and Technology Report to the Congress: 
1981 j, and many change have already been 
made in the U:S: Tax Code that will pre- 
sumably address these and other invest- 
ment constraints. 

But such remedies operate at a rather 
high level of abstraction and aggregation 
and are by no means targeted at manufac- 
turing technology directly. In fact, the eco- 
nomics bf advanced manufacturing s^tems 
operate at a very micro level arid are not 
well understood by most corporate deci.sion- 
makers. The nations where these technbl- 
bgies have erijbyed greater diffusion tend 
tb have irriplerrierited rriuch rribre focused 
ecbnbrriic iriterveritibns based bri prbrribtirig 
the techriblbgy directly rather thari thrbugh 
the ririariipulatibri bf bverall resburce cbri- 
strairits bri fintis. There is little empirical br 
thebretical reason tb assume that urifocused 
iricentives will more than marginally affect 
the deploymerit of technology. 



* Since the operational definition of a robot in Japan 
tends to include some devices excluded from other 
countries* estimates, precise cross national cbmpansons 
are difficult. 
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tools, custom iDrinting, tailored clothing, 
and other* product lines where there are 
limited nurnbers of jDotential purchasers with 
a particular set of product needs. Job shbjDS 
tend to be srnall in size arid employ a large 
jDroiDbrtibn of highly skilled workers. 

Botch. prodUcUqh^ runs ranging 

from 200 to 20,000 in size, ailthbugh the 
absolute size of the prbductibri run is less 
important than the fact that the production 
facility needs to be changed at frequent 
intervals fbr different product lines. For 
exarriple, a firrn may set up a production 
line tb pirbduce several hundred electric 
mbtbrs bf bne size, and then in a matter oj 
days or weeks convert that line to.^ssembHng 
a motor of an entirely different size: Machines 
and equipment tend to be relatively unspe- 
cialized, and a mix of skilled and unskilled 
workers is required. Products typically 
manufactured in batches include general- 
purpose machine tools; major household 
appliances, ready-to-wear clothing, books, 
fomiture, and some types of industrial equip- 
rnent: There are also "batch-flow" processes, 
such as the production of ice cream arid 
cosmetics. Batch production accounts fbr 
over 35 percent of U.S. rriariufacturirig 
(Genvin, 1982) and tends tb irivblve rriediurri 
to large firms. 

Mass prbdticf/bh irivolves the cbritiriubus 
production bf identical iterris, with high vol- 
ume arid the use bf sirigle-purpHDse machines 
and equiprrierit. Derriarids bri worker skills 
are generally Ibw; U.S. itiass production in- 
dustries usuailly cbrisider labor an easily 
replaceable cbrrimbdity. Examples of mass 
prbductibri industries include automobiles, 
electronics, small household appliances, 
light bulbs, and nails. Mass producers tend 
to be large industries. 

Several types of new technology can fjt 
into this general pattern^f manufactaring. 
Four types of advanced manufacturing sys- 
tems will be considered here: robotics; 
computer-aided manufacturing (GAM), group 
technology; and flexible rrianufacturing 
systems (FMS). AithouqH in practice these 
categories tend to oveilap, {for example, 
robots are often a part of flexible manufactur- 
ing ^ems; and group technblogy is in many 
wa\^ an essential ingredient of bbth CAM 
and FMS); they are discussed separately, 
since they erriplby rather different sets bf 
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equiiDriierit arid have different behavioral, 
ccbribriiic, arid organizational implications. 

Rbbbtlcs Technology 

The Robotics Institute of America (1980) 
has defined a robot as: 

A reprb^rammable, rriultifurictibri rriariip- 
ulatbr desigried to move rriaterial, parts, 
tbbis br specialized devices thrbugh vari- 
able prbgrarrirried rribtibris fbr the per- 
fbrinairice bf ai variety bf tasks. 

Robots may range in complexity from sim: 
pie "pick-and-place" machines, designed 
prirnarily for materials handling, to cbmplex 
machines possessing sufficient motion flex- 
ibility and sensing capability tb emulate arid 
often surpass the perfbrmance bf a hurriari 
worker at particular repetitibus tasks. Early 
U.S. research and develbprrisrit bf rbbbtics 
was dbne duririg the 1950s, arid the first 
industrial rbbbt was iristalled iri a U.S. fac- 
tory (Gerieral Mbiors) iri 1961. The major 
U.S. prbducers bf rbbbts are Unimation and 
Ciriciririati Milacron, whose sales constitute 
approximately 70 percent bf the American 
market. However, several other major firms 
are currently entering the field, and, as noted 
earlier, the Japanese presently dominate 
the world production of robots^ There are 
now between 130 and 146 firms in Japan 
making robots, as opposed to roughly the 
same number in the rest of the world 
(Aron^ 1982). 

Robots range greatly in size and breadth 
of application. It is possible for robots to 
be installed either at single work sites or at 
many sites simultaneously; the "rbbotizatibn" 
of a manufacturing plant can be approached 
piecemeal. Robots, range J ri price frorii 
approximately $50,000 to $200,000. Accord- 
ing to an industry source, rbbbts have beeri 
installed iri a plant emplbyirig as few as twb 
dbzeri pebple. Orie irripetus fbr the iristalla- 
tibn bf rbbbts has been tb displace wbrkers 
in areas wheri there are significant health 
and safety hazards arid the cbst of protecting 
the workers is considered prohibitive. 

Cbmpuier-Aided Mahufaciurihg 

The iriitiaj move tomtd CAM was numerical 
controj of machine tools, developed in the 
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195Ds largely at the Hassachusettslhstitute 
of Technology (MIT) (Ettlie,_1971^and 
Groover, 1980), where the U.S. Air Force 
funded a project to iniprbve precision in 
jet aircraft fabrication.. The cprriplexity of 
rriachiriirig necessary for rribderri cbrribat 
aircraft had put trerrieridbus strains bh 
existing control technolbgy. MIT's solutibri 
irivblved automatic cbritrbl of rriachirie tools 
by a punched paper tape; airplane wing 
panels were milled to specifications on a pre- 
programmed, high-speed machine. 

The development of small computers and 
microprocessors led eventually to the re- 
placement of control by paper tape to control 
by electronics. The first phase in this devel- 
opment involved direct numerical control 
(bN6) in which a single large computer 
controlled a n^umber of machine tools by 
hard-wired connections: As computer tech- 
nology evolved, particularly with greater 
miniaturization, it became possible to have 
a single microcomputer in control of each 
machine. This led to computer numerical 
control {CNO and enabled even greater 
control over the production process by 
aljbwing feedback_on tool wear, greater use 
bf serisbrs, etc. CAM has bften irivblved 
cbrribinirig these techniques linking single 
rriachiries' dedicated cbrrip>uters tb a larger 
central cbritrbl corriputer tb schedule bpiera- 
tibris arid related iriterrriachirie flbws. In 
addition, it is bfteri liriked rndre or less 
directly tb cbmputer-aided design (CAD) 
systeriis. 

Group Technology 

In many ways, gtoup technology can be 
considered an organizational or technical 
management precursor to flexible manu- 
facturing and GAM systems: Group tech- 
nology is more an organizational construct 
than a set of hardware: Its purpose is to 
bring the economies and benefits of mass 
production to small-scale manufacturing, 
down to the level of the job shop. Pro- 
cedurally, it involves the categorization or 
grouping of parts on the basis bf design and 
mariufacturing similarities. Once a group of 
parts has been identified, a corresponding 
"cell" bf machines performing interrelated 
functions, can be dedicated to the prbductibn 
of that family bf parts. Advantages in de- 
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creased set-up time are considerable, arid 
pirbductivity Iricreases of jnajbr iDropbrtibris 
have beeri reported {Gettlerriari, 1975; 
Gallaghex and Knight, 1973; Wilsori arid 
Henry, 1977),. Grbupi techriblbgy.iri its 
preserit fbrin begari iri Eurbpe, Jricliidirig 
extensive work by the Russiairis, but rilariy 
of the cbricepts arid techniques bf group 
technology derive frbrri the work of an 
Arriericari — Frederick Taylor — in the 1920s. 
Group technology has many and varied 
applications iri the machine tool industry, 
but these methods have not been extensively 
implemented in U.S. firms. 



Flexible ManUfectUrihg Systems 

Flexible manufacturing systems are in many 
ways outgrowths or extensions of develop- 
ments in group technology, computer-aided 
manufacturing, and robotics. As indicated 
above, early numerical cbntrbl appllcatibns 
usually involved a smgle functibn such as 
drilling br shaping. These systems evblved 
so that tbbis cbuld be changed arid differerit 
types bf rriachiries cbuld be linked tbgether 
sequeritially by riiaterials-haridlirig cajDabil- 
ities (fbr exarriple, pick-arid-place rbbbts), 
all cbritrblled, rrioriitbred, arid serviced 
by cbrnp Liters. 

One example of a flexible mariufacturing 
system in the process of development is the 
Automated Programmable Assembly System 
(APASj created by Westinghouse Corpora- 
tion. The APAS demonstration is focused 
on the assembling of small electric motors, 
which historically have been batch -processed 
throughout the world: The APAS assembly 
line involves the linking of robotics, robotic 
workstations, advanced optical sensors, auto- 
mated materials handling, and overall com- 
puter control into a completely automated 
assembly system. Most importantly, the sys- 
tem is reprogrammable," such that motors 
of different sizes can be assembled literally 
at the flick of a switch. Another example of 
an FMS developed under Goverrimerit 
sponsorship is the Autbmated Manufacturing 
Research_Facility beirig developed by the 
National Bureau bf Standards. This derribri- 
stratibn vvill invblve ari iritegrated series of 
riiachiriirig arid irispectibri statibris with par- 
ticular ajDplicatibris fbr small shops. 

117 



FMS exists cst present more in theory than 
in tvideiy depioyed and developed applica- 
tions: According to one industry analyst, 
there are less than 20 FMS systems in opera- 
tion in the United States, and planning and 
installation currently requires something on 
the order of 2 to 5 years. 

Problems of Use 

As we have suggested, the availability of 
technical knowledge about advanced man- 
ufacturing systems has not resulted in their 
widespread adoption and use in the United 
States. It is necessary to look at the decision 
processes of individual firms to understand 
some of the prbblerns involved arid how 
they might be addressed. The social arid 
organizatiorial dimerisibris of techriological 
change are as critical to its adbptibri arid 
use as its technical dimerisibris and deiserve 
as careful an evaluation. 

In recent years, a body of knowledge has 
emerged about the process of innovation, 
and this can be applied to decisions involving 
technology. To understand innovation, 
technologies must be considered not only 
as collections of hardware, but as knowledge 
embodied both in the rrochines themselves 
and in the software, conrol, and organiza- 
tional systems necessary to operate the 
technology effectively. Defined thus, the 
deployment of manufacturing technology 
can be seen partly as a knowledge dissem- 
iri^tiori and utilization issue. 

The innovation process literature has 
recently begun to view techridlbgy transfer 
as rridving through several separable stages, 
frbni iriitlal awareriess. to evaluatiori and 
decidirig, tb adbjDtiori, aud, firially, to irriple^ 
rrieritatiori. The trarisitiori frbm adbptibri tb 
implemeritatibri is likely tb be as critical fbr 
success as the dissemiriatibri bf kribwiedge, 
but it has received much less atteritibri. Up 
to the cdmmltmerit pbirit, knbwiedge dis- 
semination Is primarily a cognitive arid 
intellectual activity that involves learning 
about the innovation. Implementation, by 
contrast, involves the expenditure of human 
and material resources and behavioral 
changes at many levels of the organization: 
Thus two separable knowledge transfer issues 
are involved: transmitting information that 



riiight lead to addptidri arid jDrdvldirig de- 
tailed dperatibrial iriforrriatidri about piuttirig 
the iriribvatiori iri place. 

Ari adbptibri decisibri is usually prerriised 
dri mariagemerit s perceptibri that ari iririb- 
vatibri is mbre prbfitable or effective thari 
existing practice, arid thus there is a reciprocal 
role for vendors to make pbteritial users 
aware of new technologies. The dppbrturiity 
for users to observe real-time iristallatidris 
• and demonstrations (essential for technol- 
ogies of this complexity) is quite limited, 
particularly for smaller firms: Since the 
potential for rnarketing is usually greater 
with large firms, smaller firms may get less 
access to inforrr^ation about new technol- 
ogies. While ah adoption decision is usually 
fairly easily Identified in space and time, 
implementation Is not the result of a single 
decision but rather a whole series of decisions 
frequently made by different people In dif- 
ferent places. 

A key cdricept iri understanding imple- 
rrieritatiori is to recognize the irripdssibility 
bf separatirig decisibris about hardware and 
ecbribrnics frbnl their iriiplicatidris for the 
social behavibr bf thbse usirig the hardware. 
Erigirieers arid techriical designers bfteri 
make critical decisions about sdcial/brgarii- 
zational issues, such as how people will be 
divided into groups, how many people will 
be in these groups, and where individual 
workers will be located (Davis and Taylor, 
1976), although often they are not aware 
of the implications of their choices: Thus, 
the adoption and implementation of even a 
simple pick-and-place robot is a set of com- 
plex sociotechnical processes involving many 
different people from many different groups 
in the firm and, thus, subject to evaluation 
from many points of view. 

The erripirical literature dealing with the 
piroblems df either dissemination or Imple- 
meritation df rriajfor techriological systems Is 
lirriited. Much of the traditional literature 
bri iriribvatibri prbcesses has assumed that 
inlplerileritatiori df techridlogy follows 
riaturally frbril decisibris to adopt or pur- 
chase. The literature pertairiirig to the irri- 
plemeritatibn of industrial iriribvatibris is 
especially meager, and studies bf the imple- 
mentation of manufacturing processes are 
rare. For a recent review of implementatibn 
studies (Scheirer and Rezmovic, 1982), only 
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FMS exists est present more in theory than 
videiy depioyed and developed applica- 
is: According to one industry analyst, 
re are less than 20 FMS systems in opera- 
1 in the United States, and planning and 
:allation currently requires something on 
order of 2 to 5 years. 

Problems of Use 

we have suggested, the availability of 
iriical knowledge about advanced man- 
cturing systems has not resulted in their 
espread adoption arid use in the United 
tes. It is necessary to look at the decision 
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riiight lead to adoptidri arid prbvidihg de- 
tailed operatibrial iriforrriatidri about puttirig 
the iriribvatibri iri place. 

An adbptibri decisibri is usually pi-erriised 
on management s perceptibri that ari iririb- 
vation is more prbfitable br effective thari 
existing practice, and thus there is a reciprocal 
role for vendors to make pbteritial users 
aware of new technologies. The opportunity 
for users to observe real-time iristallations 
• and demonstrations (essential for technol- 
ogies of this complexity) is quite limited, 
particularly for smaller firms: Since the 
potential for marketing is usually greater 
with large firms, smaller firms may get less 
access to inforrr^ation about new technol- 
ogies. While an adoption decision is usually 
fairly easily identified in space and time, 
implementation is not the result of a single 
decision but rather a whole series of decisions 
frequently made by different people in dif- 
ferent places. 

A key concept iri understariding imple- 
rrieritatiori is to recognize the irripossibility 
bf separating decisioris about hardware and 
ecbribrnics frbrri their inijDiicatibris for the 
social behavibr bf thbse lisirig the hardware. 
Engineers and technical designers bfteri 
make critical decisions about sdcial/brgarii- 
zational issues, such as hdw pedple will be 
divided into groups, how many pedple will 
be in these groups, and where individual 
workers will be located (Davis and Taylor, 
1976), although often they are not aware 
of the implications of their choices: Thus, 
the adoption and implementation of even a 
simple pick-and-place robot is a set of com- 
plex sociotechnical processes involving many 
different people from many different groups 
in the firm and, thus, subject to evaluation 
from many points of view. 

The erripirical literature dealing with the 
problems of either dissemination or irriple- 
mentation of rriaior technological systems is 
lirriited. Much of the traditional literature 
on iriribvatibri processes has assumed that 
impleriieritatiori of techridlbgy follows 
riaturally frbm decisibris to adopt or pur- 
chase. The literature pertairiirig to the irri- 
plementation df industrial iriridvatidris is 
especially meager, and studies df the imple- 
mentatidn df manufacturing prdcesses are 
rare. For a recent review df implementatidn 
studies (Scheirer and Rezmdvic, 1982), dniy 
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of advanced manafacttiring systems is that 
to be fully effective these systems must tie 
together disparate functional units within 
the firm in new and different ways. Unfor- 
tunately, in the typical large industrial firm, 
manufacturing, distribution, and accbuntihg 
procedures are much better integrated with 
each other than is manufacturing with either 
marketing or engineering. One of the 
advantages that Japanese companies may 
have is that over a career their managers 
will work in rriariy areas of the cbrripariy 
arid, as a result, are less protective of furic- 
tibrial fiefdbms (Arbri, 1982). Ofteri, riew 
managerial techniques are required by 
technical decisibns, and organizational 
structures adapted to change rather than 
rigidity have a substantial advantage. 

The pen^iveness of organizational effects 
attributable to manufacturing s^^tems also 
has implications for leadership and decision- 
making pertaining to implementation: Since 
the implementation of such ^ems as 6AM 
cuts across different functional units, it is 
probably unwise to give leadership of that 
implementation to any one function. One 
analyst has called for the assignment of a 
'^process champion," who would have leader- 
ship responsibilities for implementation of 
such new technology across. \^ripus functions 
in the company (Gerwin, 1982). 

A process champion cannot operate in a 
unilateral or authoritarian manner. One of 
the more consistent firidiri^ in the inribvatibri 
prbcess literature is that adoption arid irri- 
plcrrieritatibri of cbrriplex techriblbgies is 
facilitated \o^/ participative decisibrirriakirig 
(see, fbr exarriple, Tbrriatzky, et al., ?980). 
Fbr the irriplerrieriratiori bf cbrripilex rrianu- 
facturirig systerris tb ''stick," individuals 
frbril hi any different levels arid furictibris 
withiri the finti will need to be involved in 
planriing and decisioririiakirig. Ofteri this 
will go against the prevailing organizational 
climate and may actually lengthen the 
implementation process: 

However, it should be noted that oar 
foreign competitors have become quite aware 
of the role of worker involvement in the 
improvement of process technology: In many 
ways, the quality circle movement in dapan 
has been an important factor in the ad- 
vancement of manufacturing processes. 
Analogously, European nations have been 
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acutely aware bf the relationship between 
the new technologies and worker involvement 
in their use (Nbrges Offeritlige Utredninger, 
1980). Worker involvement can be used to 
assist implementation planning, and indeed 
many initiatives fbr installatjbri bf advanced 
technblbgy siicli as rbbbts have cbme frbm 
the shop floor. Many U.S. cornpanles are 
irivblved in Quality of Wbrk Life (QWL) 
effbrts, which may have similar repercus- 
sibns bri the iriipirbvemerit bf process tech- 
riblb^ thrbugh participative decisibrirriakirig 
arid plaririirig. Fbr ariy bf these wbrker 
irivblveriierit prbgrariis tb be effective, the 
participatiori rilust be substaritial arid sig- 
riificarit ori the part of both rilariagertierit 
arid labor. To the extent that they are seeri 
as ways to manipulate workers rather than 
to take them seriously, they will fail. 

Lbrigitudirial arid Strategic Aspects bf 
Manufacturing Technology 

As we have suggested, the implementation 
of such systems as CAM, group technology, 
or robotics cannot be considered as merely 
a routine capital investment decision. Full 
implementation may take yeare {such as in 
the case bf FMS) and must be well integrated 
into a strategic vision for the firm. In addition, 
the costs bf adbptibri arid implementatibn 
arid the beriefits frbm use bf mariufacturirig 
techriblbgies are riot easily quaritifiable iri 
advarice. Decisibris rriay require as much 
ari act bf faith as a thbrbugh ecbribrriic 
arialysis. 

Urifbrturiately, the applicatibri bf such 
strategic visibri bf mariufacturirig techriblbgy 
has beeri distinctly rare iri Arriericari iridustry 
of late. Rapidly accumulatirig erilpirical arid 
observational eviderice (Hayes arid Aber- 
nathy, 1980) suggests that a lack of sti^tegic 
planning has serious implications for either 
adopting complex manufacturing s^^tems 
or their successful implementation^: SeveraJ 
factors have been identified as contributing 
to^is [ack of vision^ In the last few decade, 
corporate managers in the United States 
have been more likely to have financial and 
legal rather than technical backgrounds: It 
has been suggested that this trend has 
stemmed, from the greater emphasis in the 
last 20-30 years on matters extemal to the 
firm, particularly interactions with govern- 
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ment— interactions focused rtidre on law 
and naones? than on technoiogy. Thus, the 
trend may wejl have had short-term surv/.wal 
value. But |tjTas a[so imposed costs. There 
is a greater preoccupation with short-term 
profits and decisionmaking, a dominance 
of a marketing orientation, and an increas- 
in5 tendency toward corporate mergers: All 
of these trends have exacerbated a split 
between shop floor manufacturing technol- 
ogy and corporate strategy, and this split 
has made it difficult for managers to under- 
stand the irriplementation impacts of their 
strategic choices— or the opportunity costs 
of their tack of choices. 

Sdclbtechhical Aspects of 
Implemehtatlbh 

jt is increasingly apparent that irriplerrieri- 
tation of advanced manufacturing systerris 
will permanently change the nature of work 
and of the workforce in industry. Although 
the extent to which these technologies will 
produce net [ob losses or gains has yet to 
be determined, jt is quite clear that the 
nature of job skills needed in nnanufacturing 
will change dramatically: Traditional mass 
production has treated workers as low-skilled 
operatives who are easily replaceable; the 
^'second industrial revolution" will dernand 
workers with multiple skills who will be heavily 
involved in maintenance of the new tech- 
riblbgies, irifprmatibh transmission, arid 
techriblbgically demanding tasks. It will also 
probably require fewer of them. The shrinking 
size of the prirriary labbr market is a fact 
with rather profound sbcial pblicy irripli- 
catibns, which are as yet largely uriexplbred. 

Confrbhted with this reality, U.S. cbrpbra- 
tions will have to make a basic chbice between 
retraining empldyees or sirriply replacing . 
them. Interestingly, much of the high- 
technology manufacturing cdrtipbnerit of 
Japanese industry has thus far kept its cbrti- 
mitment for lifetime employment and has 
invested heavijy in worker retraining and 
skills upgrading: This high job security may 
actually contribute to innovativeness, as 
workers not confronted with job loss may 
more readily accept changes: In tarn, man- 
agement faced with a perrnanent workforce 
will need to explore wav^ to maintain and 
increase productivity. 



Changing the skill and respbrisibjlity pro- 
files of wbrkers will likely have irrip)]icatibhs 
for the distributibri bf pbwer and decision-, 
rriakirig within the cbrripariy. The center bf 
irifliierice rriay shift tb thbse areas where 
the new sophisticated jDrbcess techriblbgi'is 
being employed bri the shop floor. Arrierican 
manufacturers have tended to utilize wbrk 
organizations based bri hierarchical leader- 
ship and specialized job classificatibris in 
conjunction with advanced manufacturing 
systems: This probably reflects an atternpt 
to appjy management principles that are 
traditional in batch manufacturing. Ho^9ever, 
the nature of the new equipment may be 
sufficiently different from ^ical stand-alone 
machine tools that an alternative work 
organization may be in order. An integrated 
system is characterized by relatively sharp 
boundaries at either end and a continuous 
fjbw of material within the borders. It is 
therefore more akin to_ process manufac- 
turing thari batch manufacturing. This sug- 
gests that a work brgariizatibri based on the 
grbup as the furidarriental unit may be more 
appropriate tliari brie based on the individual. 

One possibility tb cbrisider. accbrdirig to 
sociotechnical systerris thebry, is a jbirit work 
group of operators arid Ibaders that does 
away with their separate desigriatibris. Each 
participant would have an bppbrtunity tb 
share in all or most tasks. The group wbuld 
be responsible for the complete cycle bf 
loading, mcnjtoring, and unloading as well 
as some repairs, tooling, and supervisory 
functions. Consequently, task identity, 
meaningfalness, and feedback on per- 
formance from coworkers would be in- 
creased. Job rotations would augment 
autonomy and participation in work-related 
decisions. European manufacturers appear 
to be more willing to expenment with new 
approaches tb work organizatibn that might ' 
prbvide a better fit with advanced manufac- 
turirig technblbgy (see Taylor, 1977, for 
illustrations). 

Effbrts to uriderstarid new job skill require- 
ments will gb harid iri harid with implemen- 
tatibri bf the technblbgy jDer se if rriaximurn 
benefits* are tb be realized. Like techriical 
choices, sbcial arid brgariizatibrial chbices 
related tb implertieritatibri are frequeritly 
driven by the technblbgy (fbr exarriple, size, 
structure, and cbmpbsitibri bf wbrk grbup), 
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but alvvays with the potential to shape it 
reciprocally. The itidre this interaction is 
uriderstddd arid planned for. the less will 
be the stress dn the systerti and the better 
the results (Reinke. 1982). 

Techhbiqgy Transfer Strategy 
arid Tactics 

it should be clear that the dissemihatibn 
and implementation of advanced manufac- 
turing sj^tems will not just happen, but vvill 
likely be a painful and stressful situation for 
most organizations. Some of this stress can 
be reduced through strategic planning for 
implementation. For example, the relation- 
ship between the equipment vendor and the 
implemehtii.g firm is much more intensive 
arid extensive than in other capital investment 
programs. The vendor should be willing to 
work closely with the adopting company — 
arid in turn the adopting firm must be willing 
td devdte resdUrces tu understanding the 
techndldgy and its implications. A simp[e 
turnkey approach to the technology is not 
likely to be workable for either vendor or 
adopter. There is evidence that the more 
complex the technological system being 
implemented, the less viable the turnkey 
approach (Cooke and Malcolm, 1981). 

Worker participation is crucial in imple- 
mentation strategy. Some programs have 
heavily involved lower level staff in new plant 
design and the implementation of advanced 
manufacturing systems [Gustavsbn and 
Taylor, 1982), More of this will probably 
occur as management structures oriented 
toward traditional linear arid hierarchical 
technology are replaced by managerial 
practices oriented toward advanced rnariu- 
facturing systems arid the lower level dis- 
cretion they require. Given the extensive 
involverrierit of lower level staff in successful 
iriiplerrieritatibri, acceptance df infdrmation 
ahdut new techridldgies might be enhanced 
by fdcusing dissemination efforts at that 
level. For example, in an automobile plant 
being established in Tennessee, a large 
percentage of the new workforce was flown 
td the home plant in Japan to became 
familiar with the manufacturing processes 
to be used there: _ _ _ _ 

The major argument for explicit attention 
to implementation in technology decisions 



is that it will help both managers and workers 
avoid some surprises: While new technology 
is inherently uncertain in its effects, there 
are many potential contributions of imple- 
mentation analysis that can guide tech- 
nological strategy. In general, the Japanese 
have been better at appk^ing these principles 
than have Americans, for reasons partly 
cultural and partly deliberate. Japanese 
emphasis on. consensus-building has Iri- 
corporated dela^ and trials Into the process, 
explicitly recognizing that multiple decisions 
are involved. By contrast. Americari man- 
agers frequently treat technology decisidris 
as simple choices arid set artificially shdrt 
tirrietables for irriplerrieritatidri. The almdst 
irievitable disappdiritrrierit with the results 
tends td be interpreted mdre as a reflection 
dn the techndldgy than on the inadequate 
imjDiementatidn process. There is no doubt 
that many managers have interpreted as 
technical deficiencies problems that in fact 
derive from the shortcornings of their own 
strategic organizational choices: 

Programs to Assist Technology 
Transfer 

Efforts td assist firms in understanding arid 
using advanced mariufacturirig techridldgy 
are emerging from three sources: the Fed- 
eral, Gbveriirrierit. university research centers, 
arid private ridriprdfit educatidrial and 
prdfessidrial assdciatidns. The nature and 
scdpe df these efforts will be described below. 
Few if any df these activities appear to 
recdgnize the systematic properties of either 
the technologies or the client systems with 
which they work. In many w^ys, these groups 
are more concerned with the hardware than 
with the software, organizational, or human 
resource aspects of manufacturing technol- 
ogies: As Noble ( 1979) indicates; the devel- 
opment of advanced manufacturing ^^ems 
has tended to be left to "industrial tech- 
nocrats. .and self-serving computer jocks." 

The Federal Role iti Manufacturing 
technology 

There are approximately brie dbzeri Federal 
programs focused on advanced rriariufac- 
turing systems. These programs are scattered 
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always with the potential to shape it 
iprbcally. The rtibre this intefactidn is 
Jefstbdd arid plariried for, the less will 
the stress oil the system arid the better 

results (Reinke, 1982). 

chnblqgy Transfer Strategy 
i Tactics 

hould be clear that the dissemination 
1 implementation of advanced manufac- 
ng sj^tems will noi just happen, but vvill 
ly be a painful and stressful situation for 
St organizations. Some of this stress can 
reduced through strategic planning for 
)lementation. For example, the relatibri- 
3 between the equipment vendor and the 
)lemeritiiig firm is much iribre intensive 
I extensive than in bt her capital in vestment 
grams. The veridbr shbuld be willing to 
k clbsely with the adbptirig company — 
I iri turri the adopting firtri must be willing 
Jevbte resbiirces tu understanding the 
iriolbgy and its implications. A simple 
ikey approach to the technology is not 
ly to be workable for either vendor or 
>pter There is evidence that the more 
npiex the technological system being 
>iemented, the less viable the turnkey 
>roacii (Cooke and Malcolm, 1981). 
Vorker participation is crucial in imple- 
ntation strategy. Some programs have 
vily involved lower level staff in ne\A; plant 
ign and the implementation of advanced 
aufacturing systems [Gustavsbn and 
tor, 1982). More of this will probably 
ur as management structures oriented 
•ard traditional linear and hierarchical 
inblbgy are replaced by rriariagerial 
ctices briented tbward advanced rriariu- 
uririg systems arid the Ibwer level dis- 
ibri they require. Giveri the exterisive 
)lvement bf Ibwer level staff iri successful 
lemeritatibn, acceptance bf iriformation 
Ut riew techriblbgies might be enhanced 
•bcUsirig dissemination efforts at that 
;l. Fbr example, in an automobile plan] 
lg established in Tennessee, a large 
:entage of the new workforce was flown 
he home plant in Japan to became 
iliar with the manufacturing processes 
»e used there. 

'he major argument for explicit attention 
Tipiementation in technology decisions 



is that it wiii help both managers and workere 
avoid some surprises; While new technology 
is inherently uncertain in its effects, there 
are many potential contributions of imple- 
mentation analysis that can guide tech- 
nological strategy. In general, the Japanese 
have been better at applying these principles 
than have Americans, for reasons partly 
cultural and partly deliberate. Japanese 
emphasis on. consensus-building has In- 
corporated dela^ and trials into the process, 
explicitly recognizing that multiple decisions 
are involved. By cbritrast. American man- 
agers frequently treat techriblbgy decisibris 
as simple chbices and set _artificially shbrt 
timetables for iriiplerrieritatibri. The alriibst 
inevitable disajDpbiritinerit with the results 
terids tb be iriterpreted riibre as a reflectiori 
bri the technology thari ori the inadequate 
impleriieritatiori process. There is no doubt 
that many managers have interpreted as 
technical deficiencies problems that in fact 
derive from the shortcornings of their own 
strategic organizational choices: 

Programs to Assist Technology 
Transfer 

Efforts to assist firms iri understanding arid 
using advanced riiariufacturirig techriblbgy 
are emergirig frbm three sources: the Fed- 
eral, Gbverririierit, university research centers, 
arid jDrivate ribrifDrbfit educatiorial arid 
jDrbfessibrial assbciatibris. The riature and 
scbpe bf these efforts will be described below. 
Few if ariy bf these activities appear to 
recbgriiz(2 the systematic properties of either 
the technologies or the client systems with 
which they work. In many w^ys, these groups 
are more concerned with the hardware than 
with the software; organizational, or human 
resource aspects of manufacturing technol- 
ogies: As Noble ( 1979) indicates, the devel- 
opment of advanced manufacturing ^^ems 
has tended to be left to "industrial tech- 
nocrats:. .and self-serving computer jocks." 

The Federal Role in Manufacturing 
Technology 

There are approximately brie dozen Federal 
programs focused on advanced rriariufac- 
turing ^/sterns. These programs are scattered 
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members! and riorimerribers. Similarly, the 
Rbbbtics Iristitiite of America supports cbri- 
fererices and workshops oriented around 
robotics technology. At a rriore general le^'el, 
the Society of Mariufacturihg Engineers has 
a heavy iriv/estrrieht in these new technologies 
and has been quite active in organizmg 
syrhpbsia, training, and general knowledge 
transfer. 

brie problem with these training/dissem- 
iriatibri effbrts has been that they have 
addressed general technical issues rather 
than specific operations at particular sites. 
They also tend to treat only the hardware 
aspects of implementation, which may be 
the smaller (if more manageable) part of the 
problem: Implementation issues are often 
likely to be idiosyncratic and unpredictable 
in nature and need to be addressed on the 
shop floor. This aspect of assistance has 
been largely left to vendors of equiprrierit, 
and their performance has been urieveri. 
Marketers, like manufacturers, tend to take 
a short-tenn view of their clients. What rieeds 
to be determined is how they rriight be 
induced to take a Ibrioer view, arid if there 
is an appropriate disserriiriatiori arid imple- 
mentation assistance role fbr Government 
or Goverrimerit-suppbrted activities. 

National Implicatibhs and 
Policy Options 

in some sens^ the isso^ raised in this paper 
Illustrate the limitations of traditional Gov: 
ernment policy levers. If adoption and 
implementation of advanced manufacturing 
systems are phenomena played but In the 
context of the firm itself, it is only partially 
affected by interventions at the industry or 
sector level. Management practices arid 
strategies seem heavily implicated iri the 
successful implementatibri of these tech- 
nologies, as does kribvvledge transfer re- 
garding the technblbgies themselves. It is 
unlikely that Goverhmerit actions iri siich 
areas as taxatibn could substaritially alter 
the incentive structure arid cbrisequently 
the strategic visiori bperatirig in American 
manufacturirig within ariythirig like the time 
hbrizbris required. This would require a much 
rribre detailed taxatibri package than has 
previbusiy been enacted, brie heavily oriented 



toward rewarding productivity erihahcerrierit 
and impiennentation of advanced process 
technologies: This is an extremely mlcrolevel 
manipaiation of econbrnic iDblicy, and It is 
likely to be looked on with disfavor as ari 
excessive intrusion into the operations bf 
market forces. 

There does seem to be a legitirriate Gov- 
ernment role in two particular areas beybrid 
the traditional {and still needed) sujDpbrt bf 
basic and applied research leadirig tb tech- 
nology developmerit, The first is iri kribwl- 
edge transfer arid disserriiriatibri bf tech- 
riblbgical iriformatiori. Currerit techriolbgy 
transfer arid irriplerrieritatiori assistance is 
extrerriely scattered, arid Federal agencies 
irivblved iri the development of manufac- 
turirig techriblogies have not been given 
either a clear mandate or sufficient resources 
tb prombte civilian implementatjon: 

The barriers to such an effort are more 
conceptual and ideologicai than practical. 
Programs of this type would radically alter 
the traditional Government posture toward 
technology development. In the past, the 
Government has restricted itself to support 
of research and early development and has 
depended upon rnarket forces to enhance 
dissemination. This is the classic ''demarid- 
puir approach. In contrast, an aggressive 
coordinated technblogy transfer prbgrarri 
(somewhat akin to agricultural exterisibri) 
would imply that Goverrirrierit had rriade a 
strategic chbice to "push'' a farriily bf tech- 
nblogies. While this would be uriprecedented 
iri regard to rriariufacturirig techriblbgy for 
the United States, it wbuld rribre closely 
approxirriate the pbsture taken by such 
cburitries as Japari arid West Germany. 

Ari esseritial cbrbllary of a ''technqlogy 
push" pbsture wbuld be explicit attention 
tb issues bf worker dtspjacement and 
retraining. While the extent of worker 
redundancy produced by the new tech- 
nologies is unclear, it is virtually certain that 
dislocations of labor will occur: Such options 
as guaranteed employment, incentives for 
retraining, and employee gain-sharing of 
productivity growth should be considered 
in this context {Business Week, 1982). 
Moreover, policy should recbgnize that job 
creation and new industry are pribrities. 

Another area of modest Federal activity 
would be research to improve understand- 
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ing of the disemination and implementatidn 
processes: As noted several times, the proc- 
esses by which complex technologies are 
adopted and implemented are not well 
analyzed, nor have they been translated into 
action programs in any systematic way: It 
should again be emphasized that advanced 
manufacturing systems constitute very 
complex innovations for adopting organi- 
zations, and we could understand that 
innovation process itself considerably better 
than we do now. 

The bottom line is that one Is unlikely to 
be able to irriplerrient advanced manufac- 
turing techriblbgy adequately if it is viewed 
as just another rriachihe or tool for doing 
what brie is dbirig iri the same way as at 
present. While these systerris are pbteritially 
extremely productive^arid prbbably esseritial 
to the survival of the American ecbribrriy— 
they are radically different frbm preserit 
technologies in crucial ways. Taking advan- 
tage of advanced manufacturing capabilities 
is^ a process that will require considerably 
more, and more systematic, attention to the 
phenomenon of deployment than has 
heretofore been generally in evidence in 
U.S. industry, it wi[l^Jsq require a signifioint 
change in how managers view work and 
workers. The types of technical and man- 
agerial control required by advanced rnan- 
ufacturing systems open up all kinds of new 
possibilities for developing organizational 
structures and processes v^th both economic 
arid hurriari benefits. This is an area where 
the U.S. Gbvemrrient must think about its 
rble iri eriharicirig such trarisitipns, with at 
least as clear a visibri as that bf its interria- 
tibrial ecbribrriic corripetitbrs. 
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